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OVERSIGHT OF THE NATIONAL SCIENCE
FOUNDATION

THURSDAY, MARCH 9, 1989

U.S. Housk oF REPRESENTATIVES,
CoMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,
SUBCOMMITTEE ON SCIENCE, RESEARCH AND TECHNOLOGY,
Washington, DC.

The subcommittee met at 9:46 am., in room 2318, Rayburn
House Office Building, Hon. Doug Walgren, chairman of the sub-
committee, Eeresldmg

Present: Representatives Walgren, Brown, Boehlert, Slaughter,
Campbell, Schneider, Henry, Johnston, Skaggs, Nagle, and Morella.

Mr. BrowN [presiding]. subcommittee will come to order.

The Chairman has been temporarily detained, and I have been
asked to start the meeting, which I am more than happy to do, and
the Chairman has an opening =*atement which I will wait until he
gets here for him to deliver in 5 own inimitable style, and then I
will recognize our Ranking Republican Member, Mr. Boehlert, for
his opening statement.

Mr. BoesLeErT. Thank you, Mr. Chairman.

Of all the topits we will discuss this year, none is as important,
none is of greater concern fo the general public than the one in
which we will e this morning, and for good reason.

Our public school system functions like the canary in the coal
mine, alerting us to grave dangers that threaten our economy and
our society.

We have convened this morning to diagnose and develop cures
for one very sick canary. The sources of that illness are numerous,
but I believe that more than anything else the canax;y has been
choking from the atmphyini:‘f America's teaching profession. The
future success or failure of America’s schools will be determined in
part by the quality of their teachers.
r all, when each of us looks back on our own schooling, we
- realize it is the outstanding teachers thet made the difference, not
outstanding textbooks or lau equipment or computers. Good teach-
ers have a chance of triumphing over even the worst conditions.
Bad teachers can fail even in the kindest, gentleat environment.

But where are the teachers of the future?

We can no longer depend on a once reliable source, women who
had no other opportrinities open to them.

The statistics paint a dire picture. Students declaring an interest
in teaching are among the lowest scorers on SAT exams. Schools
are finding it difficult to fill math and science teaching positions.

(1)
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Increasingly, high school math and science courses are taught by
teachers with little or no training in these fields, and the situation
is worse at the elementary level.

In New York City, for example, one in every three science teach-
ers is teaching without a specialized license. People used to joke
that those who can’t do teach, but we are in real trouble v/hen
those who can't teach teach or, still worse, when those who can't
learn teach.

Yesterday I introduced a bill to attract more top students into
this critical profession. The bill would offer federal scholarships of
$7,500 to college juniors and seniors majoring in science, math or
engineering if they agreed to teach two years for each year they
received the aid.

This is the type of action we need if we are to reverse the steady
deterioration of our schools. We have sat back too long as the evi-
dence of a crisis has mounted.

It seems at times that we almost took a perverse pleasure in the
issuance of each new report documenting our demise, reveling in
its familierity. We have spent too much time, in the words of one
critic, “amusing ourselves to death.”

Rather than being daunted by the overwhelming nature of our
task, we need to be inspired by the optimism and idealism of an-
other time of educational challenge.

John Kennedy's words should propel us. “All this will not be fin-
ished in the first 100 days, nor will it be finished in the first 1,000
days, but lat us begin.”

Our distinguished witnesses today, especially the teachers, will
help us decide how to make that beginning, but we must act.

Mr. Chairman, Thomas Jefferson once wrote that the problem of
slavery awakened him like a fire bell in the night.

Well, education is the central question of our day just as slavery
was in Jefferson’s, the issue that will determine the future struc-
ture of our society and the health of our economy.

Too many Americans decided to sleep through the alarm that
Jefferson heard so crisply, and we are still paying the price.

If we fai! to respond to the growing alarm about our public
schools, the effect will be equally devastating.

I want to thank you, Mr. Chairman, and I also would like to ex-
plain that because of my deep personal itterest in the matter
before us today I would like to spend every single second of every
minute of ever hour in this hearing, but shortly another commit-
tee upon which I serve will be coming to grips with crisis legisla-
tion ing with the Eastern Airlines strike, and so I will have to
fxcuse myself shortly, but I will be back as often and for as long as

can.

Thank you.

[The prepared opening statement of Mr. Boehlert follows:]



HON. SHERWOOD BOFHLERT (R-NY)
OPENING STATEMENT
SCIENCE EDUCATION HEARING
narch 9, 1989

Mr. Chairman:

0; all the topics we will discuss this Year, none is ag
important, none is of greatel concern to tﬁe general public
than the one which will e€ngage us this morning. And for good
reason. Our public school system functions 1like the “canary
in the coal mine,” alerting us to grave dangers that threaten
our economy and our society,

We have convened this Rorning to diagnose and develop
cures for one very sick canary. The sources of that {llness
are nuneroﬁs. but I believe that more than anything else, the
canary has b-en choking fiom the atrophying af America’s
teaching profession,

The future success or faxlure gof America‘s schools wi'l
be determined in large part by the quality of their teachers.
After all, when each of us looks back on gur own schooling,
we realize it's the cutstanding teachers that made the
difference -- pot outstanding textbooks or lab equipment or
computers. Good teachers have a chance of triumphing over
even the worst conditions; bad teachers can fail even in the
kindest, gentlest environment.

But whete are the good teachers of the future? we can
no longer depend on a once-reliable scurce -- women who had
ne other opportunities open to them.

The statistics paint a dire picture. Students declaring




an interest in teaching are among the lowest scorers on SAT
exams. Schools are finding 1t difficult to fill math and
science teaching positions. Increasingly, high school math
and science coursSes are taught by teachers with little or no
training in those fields, and the situation is worse at the
elementary level. In New Yotk City, for example, one in
every three science teachers is teaching without a
specialized license.

People used to joke that "those who can’t do, teach.”
But we‘re in real trouble when those who can't teach, teach.
or still worse, when those who can't learn, teach.

Yesterday, 1 introduced a bill designed to attract more
top students into this ctitical profession. The bill would
offer federal scholarships of $7,500 to college juniors and
seniors Majoring in science, math or engincering {f they
agreed to teach two years for each year they received the
aid.

This is the type of action we need if we are to reverse
the steady deterioration of our schools. We have sat back
too long as the :vidence of a crisis has mounted. It Seems
at time that we alrost take a perverse pleasure in the
issuance of each new repoxt documenting our demise, reveling
in its familiarity. we have spent too much time, in the
words of one critic, "amusing ourselves to death.”

Rather than being daunted by the overwhelming nature of
our task, we need to be iaspitred by the optimism and idealism

of another time of educational challenge. John Kennedy'’s
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words should propel us: "All this will not be finished in
the firet one hundred days. Nor will it be finished in the
first one thousand days....But let us begin."

Our distinquishe. witnesses today, especially the
teachers, will help us decide how to make that beginning.
Bat we must act.

Mr. Chalirmaa, Thomas Jefferson once wrate that the
problem of glavery awakened him "like a fire bell in the
night.® wWell, education is the central question of our day
Just as slavery was in Jefferson’s —- the issue that will
determine the future structuze of our society and the health
of our economy.

Toa many Americans decided to sleep through the alarm
that Jefferson heard so crisply, and we are gtill paying the
price. If we fatl to respond to the growing alatm about our
public schools, the effsct will be equally devastating.

Thank you.
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Mr. WALGREN [presiding]. Thank you very much, Mr. Boehlert,
and we certainly understand.

I want to apologize for not being able to be here at the outset.
The traffic is terrible in this city and very unpredictable.

But you know I want to encourage you in every way in your in-
terest in science education along with all the other members in any
way that I can, and I look forward to this committee reporting out
legislation in this area in the very near future, and it will be in
many ways because of the very personal interest that you and
others have taken in this area.

Mr. BoexLerT. Thank you, Mr. Chairman.

Mr. WALGREN. So we look forwerd to doing this together.

Let me ask unanimous consent that my statement be inserted in
the record at this point.

[The complete opening statement of Mr. Walgren follows:]



OPENING STATEMENT OF THE
HONORABLE M!Ig” WALGREN (D-PA)

OVERSIGHT HEARING "N SCIENCE AND MATHEMATICS EDUCATION

March 9, 1989

THIS MORNING WE WHL EXPLORE WHAT IS POSSIBLY THE MOST
SERIOUS LONG-TERM PROBLEM FACING OUR NATION -- SCIENCE
EDUCATION. WE WRL FOCUS ON NATIONAL SCIENCE FOUNDATION
PROGRAMS DESIGNED TO IMPROVE PRECOLLEGE SCIENCE AND
MATHEMATICS EDUCATION AND ON RECENT LEGISLATIVE PROPOSALS
FROM TWO OF MY COLLEAGUES AND MYSELF FOR UNDERGRADUATE
SCHOLARSHIPS IN SCIENCE, MATHEMATICS AND ENGINEERING.

THE CRISIS IN SCIENCE EDUCATION IS DRIVEN HOME TO US IN AN
UNRELENTING TORRENT OF BAD NEWS:
- AMERICAN FIFTH GRADERS FALL FAR BEHIND JAPANESE
STUDENTS IN SCIENCE AND MATH PROFICIENCY.

- AMERICAN 13-YEAR OLDS SCORE BEHIND SPAIN AND SOUTH
KOREA IN STANDARDIZED MATH TESTS.

- NEARLY HALF OF AMERICAN 17-YEAR OLDS CANNOT PERFORM
MATH PROBLEMS NORMALLY TAUGHT IN JUNIOR HIGH
SCHOOL.

- STANDARDIZED TEST SCORES OF AMERICAN ADVANCED
PLACEMENT HIGH SCHOOL STUDENTS ARL LAST IN A 17
NATION FIELD IN BIOLOGY AND THIRD FROM LAST IN
CHEMIFTRY.

THESE DISMAL FINDINGS ARE ESPECIALLY DISTURBING AT A TIME

WHEN WE ARE NOT DOING WELL IN THE INTERNATIONAL ECONOMIC

13



COMPETITION THAT REQUIRES A TECHNOLOGICALLY LITERATE
WORKFORCE AS AN ESSENTIAL ELEMENT. MOREOVER, IF TALENTED
STUDENTS ARE NOT TURNED ON TO SCIENCE AND MATH WHLE IN
ELEMENTARY AND SECONDARY SCHOOL, WHAY HOPE DO WE HAVE
FOR MAINTAINING THE PIPELINE OF SCIENTISTS AND ENGINEERS THAT
IS NECESSARY TO SUSTAIN AN ADVANCED INDUSTRIALIZED NATION?

THIS MORNING, WE WILL EXPLORE THE IMPACT AND EFFECTIVENESS
OF NSF PROGRAMS FOR THE DEVELOPMENT OF NEW PRECOLLEGE
CURRICULAR MATERIALS FOR SCIENCE AND MATHEMATICS
INSTRUCTION, AS WELL AS NSF EFFORTS TO IMPROVE TEACHER
SKILLS THROUGH IN-SERVICE TEACHER TRAINING PROGRAMS. WE
WILL HEAR FROM A VARIETY OF EDUCATORS, TEXTBOOK
PUBLISHERS, AND SCIENTISTS. MANY OF OUR WITNESSES HAVE BEEN
SUPPORTED BY NSF TO DEVELOP AND DISTRIBUTE NEW TEACHING
MATERIALS OR TO IMPRQVE THE SKILLS OF PRACTICING TEACHERS.
ALSO, WE WILL HEAR FROM TEACHERS WHO HAVE PARTICIPATED iN
NSF PROGRAMS AND HAYVE USED MATERIALS GENERATED BY NSF
PROGRAMS.

ANOTHER PURPOSE OF THIS HEARING IS TO OBTAIN COMMENTS FROM
INTERESTED GROUPS ON LEGISLATIVE INITIATIVES WHICH WOULD
REQUIRE NSF TO ADMINISTER UNDERGRADUATE SCHOLARSHIP
PROGRAMS. THE BrOAD PURPOSE OF THE PROPOSED LEGISLATION IS
TO ATTRACT MORE STUDENTS TO CAREERS IN SCIENCE AND

14



ENGINEERING OR IN SCIENCE AND MATH TE/CHING. CONGRESSIONAL
SCHOLARSWIPS WRL RAISE THE PUBLIC'S ATTENTION TO THE
IMPORTANCE OF SCIENCE TO OUR NATIONAL WELL BEING IN ADDITION
TO ENCOURAGING INDIVIDUALS TO PURSUE CAREERS (N SCIENCE. WE
L{0OK FORWARD TO THE DISCUSSION OF THESE EDUCATION
RRTIATIVES.

OUR FIRST WITNESS IS DR ERNEST BOYER, PRESIDENT OF THE
CARNEGIE FOQUNDATION FOR THE ADVANCEMENT OF TEACHING. DR.
BOYER, A FORMER U.S. COMMISSIONER OF EDUCATION, IS A
DISTINGUISI'ED EDUCATOR WHO WHL PROVIDE US WITH AN
OVERVIEW OF THE CURRENT STATE OF PRECOLLEGE SCIENCE AND
MATHEMATICS CURRICULA AND ALSO THE TRAINING NEEDS OF
SCIENCE AND MATH TEACHERS.

TO OUR PANEL ON CURRICULAR MATERIALS WE WELCOME MS. BETTY
CASTOR, THE FLORIDA COMMISSIONER OF EDUCATION; MR. PATRICK
DONAGHY, PRESIDENT OF THE SCHOOL GROUP AT SA.VER, BURDETT
AND GINN; AND MR. RONALD MALONE, PRESIDENT OF KENDALL/HUNT
PUBLISHING COMPANY, ACCOMPANIED BY LARRY LOEPPKE, ASSISTANT
VICE PRESIDENT AT KENDALL/HUNT.

TO OUR PANEL ON IN-SERVICE TEACHER TRAINING WE WELCOME DR.

JERRY BELL, PROFESSOR OF CHEMISTRY AT SIMMONS COLLEGE, MS.
MARJORIE BARDEEN, PROGRAM DIRECTOR FOR FRIENDS OF FERMILAB

15
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AT THE FERMI NATIONAL ACCELERATOR LABORATORY; AND DR. PAUL
SALTMAN, PROFESSOR OF BIOLOGY AT THE UNIVERSITY OF
CALIFORNIA - SAN DIEGO.

TO OUR PANEL OF TEACHERS WE WELCOME MR. LORING COES, il
FROM ROCKY HHL SCHOOL IN GREENWICH, RHODE ISLAND; MS. JOANN
MOSIER FROM FAIRDALE HIGH SCHOQL IN FAIRDALE, KENTUCKY, AND
MRS. JOYCE KERANEN FROM COOPER INTERMEDIATE SCHOOL IN
MCLEAN, VIRGINIA. WE CONGRATULATE MR. COES AND MS. MOSIER
ON THEIR RECENT PRESIDENTIAL AWARDS FOR EXCELLENCE IN
MATHEMATICS AND SCIENCE TEACHING.

TO OUR FINAL PANEL ON PROPOSED LEGISLATION WE WELCOME DR.
RICHARD ATKINSON, PRESIDENT OF THE AMERICAN ASSCOCIATION FOR
THE ADVANCEMENY OF SCIENCE; PROFESSOR LYNN ARTHUR STEEN,
CHAIRMAN OF THE COUNCIL OF SCIENTIFIC SOCIETY PRESIDENTS; AND
DR. THO' 'S MALONE, PRESIDENT OF SIGMA XI, THE SCIENTIFIC
RESEARCH SOCIETY.
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Mr. WaLGReEN. And can I ask if there are other members who
would like to make opening statements?

Mr. Slaughter.

Mr. StaucHTER. Mr. Chairman, I would like to make a brief
statement.

Mr. WaLGRrEN. Certainly.

Mr. StavguTer. Mr. Chairman, I have introduced a bill, H.R.
1217, that a number of people here are familiar with, so I will not
repeat everything that I have in my statement.

First off, this is a bill, of course, to promote the study of engi-
neering, mathematics and the life and physical sciences. This legis-
lation provides scholarships for the most academically qualified,
competitive and interested college juniors. In addition to two years
of undergraduate support, these scholarships will grant two years
of graduate financial assistance to those recipients most qualified
to pursue additional post-graduate studies.

pecifically, my legislation will provide up to $5,000, $§10,000 in
federal funds and $5,000 in matching university funds, in annual
financial assistance to 1,500 college juniors and 1,600 seniors.
Scholarship recipients will be able to use their scholarships toward
undergraduate degrees in engineering, mathematics, and the life
and physical sciences.

Upon graduation from an accredited institution of higher educa-
tion, those students wishing to continue their education by pursu-
ing graduate degrees will compete for one of the 800 scholarships
available to first-year graduate students, thereby creating a bridge
fordthe student to cross between undergraduate and post-gradusate
study.

In return for this scholarship, recipients will be called upon to
use their technological skills and knowledge for summer and post-
graduate service in a science, mathematics or engineering-related
capacity in the employ of the United States, or with an organiza-
tion performing services for the United States.

Through this program the government would invest in the aca-
demic pursuits of certain able students by providing financial in-
centives for them to continue their educatjon in fields that are
critically important to the nation in return for this service.

I commend the Chairman for convening this oversight hearing
on National Science Foundation educational programs that strive
to fill the technological and educational gap between the United
States and our competitors. I am pleased that we have buore us
this morning a distinguished panel of experts and witnesses to dis-
cuss the progress of existing programs under the auspices of the
National Science Foundation, as well as provide insight i
the merits of legislative proposals currently before this subcommit-
tee, and I look forward to hearing from them.

Thank you, Mr. Chairman.

[The prepared opening statement of Mr. Slaughter follows:]
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QHALIFIEN SCIENTISTS, MATHEMATICTANS ANA ERAINFEFRS,  THIS YEONNOLNGR{CAL
SHORTAGE 1§ POSING & THREAT TO TME WFLFARE OF THF AMERICAN EOONDRY AN T
OHR NATJONAL SECURITY AS WFRLL. . .

In NRNER TO MEET THE FNORMOUS CMALLENGE OF THIS GROMING TEOMNOLNRY
GAP, ¥ NAVF INTRODUMCEN THE Scienng, Maruemarics ann ek aren TeeunoLnRLES
Seunpanrsuies Acr.

Tn PRONOTE THE STHDY OF ENGINERRING, MATHEMATICS, AND THE LIFE AR
PHYSIOAL SCIENCES, TUES LEGISLATION PROVIDER STHALARSHIPS FOR TNE MOST
ACAREMICALLY QUALIFIRN, COMPETITIVE ANN INTERESTEN COLLERE JUNTORS. Uy
ANNITION TO THO YEARS OF UNDERGRATHATE SHPRORT , THESE SCMALARSHIPS WILL
GRANY TWN YEARS OF GRAMIATE F{MANCIAL ASRISTANCE TA THOSE RECIPIFNTS MNST
QUALIFIEN Ta PURSHE ANNITIONAL POST~GRANIATE STHUNIFS.

SPECIFICALLY, MY LEGISLATINN W{LL PROVINE He m' ¢ 5 Ann (1A, _NN0 gw
FEnERaL Funns AND S5, N0N [N MATCHING INIVERSITY FINDS) IN ANNUAL FINANCIAL
ASSISTANCE To 1,500 cOLLRGR JuNTnRs AND 1,500 srypors.  Scunp ARSHIP
RECTIPIENTS WILL RE ARLE TN JISE TME(R SCHOLARSHIPS TOWARD UNNERARATRIALE
AEGREES 1IN FENGINEER{NG, MATHEMAT IS ANR THE L[FE AND PHYSICAL SCIENMES.
flPoN SRADHAT ION FRON AN ACCREDITEN INSTITHTINN OF MIGHER FDUCATION, THDSF
STHDENTS WISHING TN CONTINUE THEIR ETMCATION RY PHRSHING ARANHATE NESREFS

WILL COMPETE FOR ONE NF THE UMD SCHOLARSHIPS AVAILARLF YO FIRST YEAR
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GRADVIATE STHNENTS, THERFAY CAFATING A RRIAGE EAR THE STUNENT TO CRASS
RETWEEN UNMNERGRAMMATE ANTI POST “GRANUMATE STiNY., G(RANHATE SCHALARSKHI®R
RECIPIENTS COULD REMEW TNIS SCHOLARSHIP FOR DNE AUNITIONAL YEAR OF POST-
KRAMIATE STUNY, [F NECESSARY.

o WETURN FOR OME OF THESE MERIT SCHNLARSHEPS, ﬂEClFlngﬂ wiLL RE
CALLED #PON TO USE THEJR TECUNNLORICAL BXILLS AND KNOWLEDGE roukinnnen AND
POST-GRANHATE SERVICE IN A SCIENCE, MATMESATINS NR FAGINEFRING RELATEN
CAPACITY IN THE EMPLOY OF THE HNITED STATES AR wITH AN ORGANM[ZAT TON
PERFORMING SERVICES FAR THE HNITEN Statrs, Tus, THROUAGH THIS PRNOGRAM, THE
ROVEANMENT WOULD INVEST IN THE ACANEMIC PURSHITS OF CERTAIN BRIGHT STUMENTS
AY PROVINING FINANCIAL INCENTIVES FOR THE® TO CONTINHE THEIR ENnCAT{ON (1
FIELDS TMAT ARE CRITICALLY IMPNDRTANT TO THE HATION [N RETHRAN FOR THIS
SERVICF.

§ commEnn THEPCMATRMAN FAR CONVENINAG THIS AVERGHGHT HEARING ON
HATIONAL SCIENCE FOUNDATION EMUCAT [ONAL PROGRAMS T4AT STRIVE TO FILL THF
YEDHNOLAS I CAL m.n EDHCATINNAL GAP RETWEEN Tof 'WNITEN STATES ANT NuR
CORPETITNRS. 1 Am PLEASEN THAT WE HAVE REFORE NS THIS MORNING A
DISTINGHISHEDN PANEL OF EXPERTS AND WITNESSES TN BISCHSS THE PROGRESS nf
EXISTING PRNOGRAMS UNNER THE AUSPICES nf THE WATiomaL Scrence FounDATION, AS
WELL AR PROVINE INSIANT RERARNING THF MERITS OF (FAISLAT{VE PROPOSALS

CHRRENTLY RFFORE THIS SURCOMMITTEE, AND ' LOOGK FOAWARD TO HEARING FROM THEM.
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Mr. WaLGreN. Thank you, Mr. Slaughter.

Are there other members who would like to make opening com-
ments?

Mr. Campbell.

Mr. CampBeLL. Thank you, Mr. Chairman.

I also commend for holdin% these hearings. 1 will take per-

20 seconds only to say that I would be ungrateful as well as
unobeervant if I did not note that in my own: personal career fund-
ing from the National Science Foundation helped me get my educa-
tion and helped me as a professor, and I would like to do every-
thing I can to assist that continuation of that program.

Thank you.

Mr. WALGREN. Well, we look forward to building on that real
world experience.

Our first witness is Dr. Ernest Boyer, the President of the Carne-
gie Foundation for the Advancement of Teaching.

Dr. Boyer is a former U.S. Commissioner of Education and a dis-
tinguished educator, who will provide us with an overview oi the
current state of \lege science and math curricula and also the
training needs of science and mathematics teachers, and while Dr.
Boyer is elt:kmg his place at the table, let me just preview the other
two

panels.

The second panel will be on curriculum materials. It will include
Betty Castor, the Florida Commissioner of Education; Dorothy
Shao, the Executive Editor at Silver, Burdett and Ginn, one of the
major ishers in this area; Ronald Malone, the President of
Kendall/Hunt Publ% , who will be accompanied by
tI',im'ry Loeppke, who is istant Vice President at that organiza-

on.

And then we will have a %el on in-service teacher training,
which will include Dr. Jerry Bell, Professor of Chemistry at Sim-
mons College; Marjorie Bardeen, the ram Director for the
Friends of Fermilab at the Fermi National lerator Laboratory;
and Dr. Paul Saltman, Professor of Biology at the University of

We will foﬂ%t with a panel of teachers, including Loring
Coes, from Rocky Hill School in Greenwich, Rhode Island; Jo Ann
Mosier from Fairdale High School in Fairdale, Kentucky; Joyce
Keranen, from Cooper Intermediate School in Mc".ean, Virginia,
and we particularly want to note that Mr. Coes and Ms. Mosier
have recently received Presidential Awards for Excellence in Math-
ematics and Science Teaching.

And then we will last have a panel commenting on a number of
gcm of the legislation that are before the committee—

. Richard Atkinson, President of the American Association for
the Advancement of Science; Professor Lynn Arthur Steen, Chair-
man of the Council of Scientific Society Presidents; and Dr.
Thomas Malone, the President of Sigma Xi, will join us on that

Well, obviously, it is a full day and, as is our custom, 1 want to
say at the outset that written statements will be reproduced in full
in the manner in which these proceedings are transcribed and
printed. So full statements will be there for those who work with
these transcripts without further effort, and witnesses can feel free
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to focus on points that they would like to highlight by targetin,
them in their osal presentation if that is the way they would like
to a it.

e neud to keep our witnesses, abviously, to some time frame be-
tween five and 10 minutes, or else the hearing just goes on forever,
and the members have commitments in the noon hour and the like.
So we have to be strict with that.

So with asking your understanding on that level, I want to ex-
press our appreciation to all of you for coming and helping us in
this process, and I recognize you, Dr. Boyer, for your testimony.

STATEMENT OF DR. ERNEST L. BOYER, PRESIDENT, CARNEGIE
FOUNDATION FOR THE ADVANCEMENT OF TEACHING, PRINCE-
TON, NJ

Dr. Boyer. Thank you very much, Mr. Chairman. 1 am grateful
for the opportunity to testify before this distinguished committee,
and I also commend you for assembling the hearing that you have
done on a topic that I think is of such vital importance to the
nation.

This morning I have been asked to summarize very briefly in my
formal testimony matters relating to the status of science and
mathematics teaching in the nation’s public schools.

The harsh truth is that science and mathematics education in
the United States is in bad shape. The recent National Academy of
Science report, called “Everybody Counts,” reached the chilling
conclusion that in a world where technological literacy is absnlute-
ly crucial the majority of our students do not have the mathemati-
ca,lrﬂower they need to live productive lives.

e report also revealed the shocking shortage of qualified math-
ematics teachers, the point we just heard, and in fact there is prob-
ably a greater shortage in mathematics teachers than in any other
field and, as everyone knows, mathematics is the fundamental tool
for science and technology later on.

The recent National Assessment Report also painted a picture
that was very bleak when the math proficiency of 13-year-olds in
the United States were compared. Their proficiency was compared
with students in five other countries. Almost all 13-year-olds could
add and subtract, which is about as basic as you can get; however,
only 40 percent could do twostep problems in mathematics and
only 9 percent could understand fundamental mathematics con-
cepts. Compare that to 40 percent of the 13-year-olds in Korea.

At this point perhaps some news is in order. Last year at
the Camkgie Foundation we asked 2,000 fifth graders which subject
they li best. 1 guess I have to tell you I was surprised when
m'lt'ilx”n;mm 18 to mg:t th rbial “I hate math” syndrom

is suggests to me that the proverbial “ math” s e
is not something that students actually have as an attitude. It is in
fact ing that they learn in school.

In science picture is equally disturbing. The National Assess-
ment Report indicates that only 7 percent of the nation’s 17-yesr-
olds have knowledge they need to perform in college level science,
and an international comparison is even more distressing. At
5 US. students ranked in the middle in general science knowledge
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compared to 14 other countries. At grade 9, however, they ranked
last.

And in advanced biol US. students were also at the bottom.

I could continue, but 1 do not wish to engage in the perverse
practice we have just been warned about; namely, to take delight
in describing in vivid detail the nature of our problem.

I do wish to say, however, that I believe this strikes at the heart
of the intellectual vitality of this nation, and I believe it is time for
a national strategy to be developed.

I believe, for example, that the House resolution we have just
heard sbout is a big step in the right direction. The Congressional
Scholamh%g Program Tion prog:se would send precisely the right
signal to the nation. The number of students to be selected in thi
program is of course very small, but again the signal would be very
clear, and 1 would hope that in the future the program to give
scht:il:‘fehips to students who plan to go into teaching could be ex-
panded.

Another piece of legislation pending before this committee would
provide scholarships for outstanding math and science students
during the last two years of college, about which we have just
heard. In return the student would work in a science or engineer-
ing capacity for the government for several years.

n my opinion, this legislation would develop more scientific
talent at the top while energizing great benefits for the nation, too.

In my conclusion, then, in this overview, Mr. Chairman, I should
like to give you a few prejudices of my own as to the kind of strate-
fy we need in response to the crisis that we have just defined, and

have a six-step suggestion to submit.

First, let me say a word about the curriculum.

The hard truth is that with all the talk about better schools we
still do not have coherent math and science curriculum for the
early and middle years. We are still confused about what all stu-
dents should know and be able to do in these essential fields.

We have in the past few years in almost every state been includ-
ing another requirement in math and in science, another Carnegie
Unit, a term, incident:lly, that my foundation unhappily created
60 years ago, but the honest fact is that we are often unclear as to
what we mean by another unit in science or mathematics. So stu-
dents complete the credits, but there is no assurance that they ac-
quire knowledge.

Here I have a rather brash proposal to suggest. I suggest we con-
sider creating a kind of peacetime Manhattan project on school
curriculum, with perhaps special emphasis on science and mathe-
matics, a program that would bring together master teachers and
research scholars, giving them time off to think with some continu-
ity about what it is we wish to be teaching and what the sequence

the curriculum should be beginning in the early years where the
foundatio;: must be laid.

The aim would be to design an appropriate course sequence in
math and science, not just for the specialist but for the non-scien-
tist as well.

Frankly, Mr. Chairman, I find it ironic that six years after we
decided the nation was at risk the nation still has not adequately
responded. We are still trying to figure out what students need to
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know, and ]I believe a national effort in this regard, funded perhaps
through the NSF, would allow us perhaps to bring together both
the pmcu':_ionte}:;e and th&&eori:t b? i slt; r;adesxgnb i m a curriculum
structure for eAr an yond. Simply building a curricu-
lum based on tex&ooks is not sufficient.

Second, I think we must give more dignity and more status to
the teacher because, as we have just heard in that splendid opea-
ing statement by Mr. Boehlert, we can have excellence in educa-
tion only when we understand that we need excellence in teaching,
and until we get the brightest and the best to enter teaching, until
we can attract those who routinely go into medicine, business, and
law to come into the classrooms of this nation, our search for excel-
lence frankly will be only a diversion. It cannot be dictated from
the top. It cannot be legislated from on high. It has to be inspired
in the classroom by those who know their subjects and can convey
it inspirationally to their students.

Now, some of the nation's colleges offer scholarships, full scholar-
ships to outstanding high school students to agree to teach after
graduation. I think more colleges should follow these examples,
and, incidentally, I think we might give special incentives to those
who agree to teach in math and science, perhaps giving them
summer institutes in which they could work with some of the most
ﬁed math and science scholars in the nation, and I wonder if the

eral government might not have a special matching scholarship
fund that would be available to those coll that would wish to
recruit young gifted students who themselves pledge to go into
teaching after graduation.

After all, as we have just heard, we recruited the Peace Corps
young people to be in service overseas. Why not inspire young
people to go into the classrooms here in the United States?

is to me is the challenge in the decade of the "90s.

This leads me to proposition number three.

We need to rearrange the curriculum. We need to attract out-
standing teachers. But, third, [ think we need programs of alterna-
tive certification, not just for the young but for older people, too.

I am convinced that we should attract outstanding math and sci-
ence teachers from those who are mid-career or even those who are
near reiirement. This is a huge pool of talent that is often neglect-
ed, and one way to do it is to encou states to develop an alter-
native certification which allows mid-career people to come into
the classroom without going into a traditional teacher training pro-

gram.

I don’t have to remind you that New Jersey has led the way in
this regard, and I think the record shows that in the past five years
they have attracted an outstanding pool of gifted teachers who,
based on all the data, are as effective and even more s0 as those
who have come up through the traditional route.

We need industry and business, then, to be partners in the proc-
ess, and I think we can find a great pool of outstanding teachers
through alternative certification.

That leads me to issue number four.

We need in-service training, too, because in the end it is the
teachers who are already in the classroom who need urgently to be
inspired, and yet the truth is that they have to stay in those class-
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rooms year after year, they are not intellectually renewed, and

somehow we expect them to keep &vmg out year r year.

Three decades ago, after Sputnik, President Eisenhower conclud-
ed that strengthening math and science teachers already in the
schools was the key to national security, and he secured of
the National Defense Education Act, a program which, as you
know, provide. summer fellowships for teachers.

And, frankly, when I go around the country I am impressed that
I will still, 30 years later, hear a teacher tell with great enthusiasm
I had an NDA fellowship and it changed m{ life, and not orly did
they get inspired, when they would go back to school they would
ingpire others, too.

I think we miscalculate mightily the essential need of continuing
to renew the teachers who meet with children every single day.

I think, therefore, an NDEA type program today should be care-
fully considered because teachers who are now in school remain
our greatest resource for improving the performance of our stu-
dents. Strengthening their skills, in my judgment, should be a top
priority, especially in math and science.

This brings me to prejudice number five.

I concur entirely that great teachers can overcome even bad
equipment, but I have to pause, especially in math and science, to
m{lk alzout the condition of science and math facilities in our public
schoo

Two years ago at the Carnegie Foundation, we did a study of
urban education. We went into dozens of high schools in the ten
largest cities ir this country, and all I can tell you is that the sci-
ence laboratories in most high schools in the United States is & na-
tional disgrace. You go into most of these places, you will find
brolien test tubes, outdated manuals, Bunsen burners that won't
work.

I read in the New York Times the man who is trying to push his
video program in the school, and in justifying that he said that he
was in some schools or knew of schools where they used popcorn

rs as Bunsen burners.

t is almoset laughable for us to talk about becoming competitive
technologically in the twenty-first century when our future scien-
tists are working in the conditions that we provide them. I believe
that we not only have to inspire teachers, we have to give them
decency and some recognition of the basic facilities that they need
to teach basic science to our students.

I remember, Mr. Chairman, following World War II, when we
had a big push of college students and the federal government had
a Facilities Act that gave low interest loans to colleges from coast
to coast to permit them to build buildings so they could accommo-
date expanding enroliments. This institution, Congress, provided
aid to colleges so they could build buildﬁs.

It occurred to me that we perhaps need a 1990 version of the Fa-
cilities Act. This would be directed toward high schools so they
could refurbish science labs.

This was a low interest loan program, and based u the budg-
ets in most of these cities, they can hardly heat the place, let alone
refurbish the facilities for science and mathematics.
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I suggest that the federal government m-.y wish to consider a low
interest loan program, making available to school districts money
to allow them to have state-of-the-art facilities in order to stimulate
state-of-the-art minds for Century 21.

Then, finally, in item six, I would like to just say a passing word
about specialty residential schools in science and muthematics,
such as the one in North Carolina.

I don't think that this approach is needed in every state, but I do
believe where resources are limited it makes sense to bring the
most gifted math and science students and teachers together to
build an elite corps of scientists that we will need in the interna-
tional high tech race in the year 2000 and beyond, when mind
power will be absolutely crucial. '

It is not unthinkable that we could have federal leadership in
providing centers of mathematics instruction that would be used
perhaps for the school year, but they also could be centers for in-
service training in the summer, where we could have the brightest
. and the best come together to work together under ideal conditions
8o we could prepare an elite corps of leaders in the nation.

I simply conclude, Mr. Chairman, by saying we have an absolute-
ly critical problem in an area in which I believe the future of the
nation will be pivoted. I do not believe that we can achieve excel-
lence piecemeal. I think a program here and there simply will not
do the trick, and I would like to see under the leadership of this
distinguished committee a comprehensive program, one that in-
volves the curriculum, one that involves recruiting and inspiring
teachers, and one that involves facilities upgrading to help us
maintain our competitive advantage.

And, incidentally, I think NSF provides an absolutely splendid
structure for the leadership in this direction, and I commend them
for their work because they are focusing both on curriculum and
on teachers.

Thank you very much for giving me the opportunity to appear
with you today, and I will be pleased to respond to any questions
sou may have.

[The complete prepared statement of Dr. Boyer follows:]
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March 9, 1949
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Thank you, Mr, Chaltman, for the oppurtunity to Lestify
before this distinguished committee. Your work is crucial to the

future of the nation.

rive years ago, the Carnegie Foundation, in its report High
.Bchool, urged that all students in the public nchouls complete a
core curriculum, one that ewmphasized sclence, techinology, and

mathematlies.

We safd that "Not all students are budding sclence
scientists, but bhecoming a responsible clitizen in the last decade
of the twentieth century means that everyone must become

scientifically literate.”

We also urged that *all students should expaud thei
capacity to think quantitatively and to make intelligent

decisions regarding measurable quantities.”

Qur core curriculum proposes a miniuue of two years of
sclence and mathematics for 311 students, aluny with at least a
semester-long study of technology. or students who plan to
become scientists and engineers, more advanced coulses would be

needed.

Mr. Chalirman, in addition to training tup wmathewmaticians and

high level aclientists, we also desperately need a well-inforimed
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citizenry, one conversant with how sclence and math works.

Professor Jevemy Bernstein has put it wells

"we live in a vowplex, dangerous and fascinating
world. Sclence has played s tole [n creating the
dangers, and one hopes that it will aid in creating
ways of Jdealing with these dangers. But aost of Lhease
problems cannot be dealt with by scientists alone. We
need all the help we can get, and this help haa gut to
come from A scientifically titerate -aperal public,.
Tgnorance of science and technolayy is becoming the

uttimate ge.f-indulgent lusucy.”

The harsh truth ls that sclence and mathematics education in
the nation's schools is ln bad shape. The National Academy of
Sciences’ Comsittee on Mathematical Sclences in the Year 2000 ou
which I serve reported that mathematics education in the United

States is facing major vhiallenges on nfeagly every Front:

- rar Loo many students, including a
disproportionate number flom minutity groups,
leave school without having acquired the

makhematical powar Decessary for productive lives.

. When cumpared with students of other nations, U.S.
students lag tar behind in levels of mathematical

accomplishment; the resulting educational deficit
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teduces oui ability to compete in international

areas.

. The shortage of qualified mathenutics teachers in
this country is woie seticus than in any other
area of educativn, from wlementacy school to

graduate schoal,

. At the college level. undergraduate mathematlics is
intellectually stagnant, uvergrown with stale
Courses that fall to stéimulate the mathematical

Intetests of today's students,

Let me add one other telling councern: The teport concludes
that, "the least efrfective pode for mathematics learning is the
one that prevails in most of America‘'s classrooms: lecturing and
iistenlng."

Teachers will simply have to more actively engage students
in the leatining process. This does not aimply apply to
mathematics alone, but acvross the boacd, In mathematfcs, though,
goed education means not just the recall of isolated facts., but
searching for splutions; not just semorizing formulas, but
getting students to think creatively. And frankly, this {e not
hagpening today,

Turning to another source, the most recent National
Assessment of Educational Progress (NAEP) report--Crossroads in

Aserican Education--also presents a dark picture of mathematics

achievement among our students (Attachment A)s
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. The reporl reveals that wmost nlne, thirteen, and
seventeen-year-olds can do simple tasks, like add
and subtract. BAut the majority don't know how to

apply knowledge to wore complex questions.

. “Hy and large,” the repurt declares, “astudents are
learning the basics, and black gnd Hispanic
students are closing the histurical gap in
performance with their white peera. Yet despite
these signs of progress, it remains true Lhat oonly
spre Of the nation’s studests can perfoim
wmoderately difficult tasks and wuefully few can

perforw muie difficult onen.”™

Let me add one bit of informattion that offers hope. Last
year, In connection with a study the Carnegie Foundation in
preparing on the carly years of learning, we duked o sample of
fifth graders what subject they liked most amung their courses.
Guess what? Mathemarics came In flest, with 2% peiceat.  Among
eighth graders, 17 percent said path was their favoirite subject,
gsecond only to physival educaticve at 18 percent,

This survey suggests that the proverbial “I hate math" one
too often hearsn dnes not reflect the attitudes of students. What
it also suggests is that we surely must find better ways to fan
the fire of each interest and keep students fiom being tucned off

in mathemat icn.
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In science, the crisis Is equally disturbing. Again., NAEP's

mast recent Science Report Card--Trends and Achiievement Based on

the 1986 Rational Asgessmant reports that:

. More than half of the nation's scventeen-year-colds
appear to be insdequately prepacred elther to
pecform competantly jobs that require technical
8kills or to bLeneflit substantially from

specialized on-the-job training.

. The thinking skills and sclence knuwledge
- - posscesed by these high-school studeats also seem
to be lsadequate for informed participatioun in the

nation’s civic aftfairs.

. Unly 7 percent of the nation's sevenleen-year-olds
have the knowledye and skills wneeded to perform
well in colleye~level sclence courses., Since
thigh-schoul science proficiency is a good
predictor of whether ot not a young person will
elect to puisue pustsecondary studies in science,
the probability that maay more students will

vinbark on future careexs in science is very low.

Internatlonal cumparisons also are distressing. A recent
science assessment reveals that U.8. studerts are among the

lowest achievers of all participating countries (Attachment B):
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. At grade five, our students ranked in Lhe middle
in sclence achlevement relative to foutteer othex

pasticipating countries.

e At grade aine, they ranked next to last.

* In the upper grades of secondary schual, “advanced

science students® in the vU.S5. ranked Jast in

biology.

U.S. students a1s0 pertormed behind students from

most countries in chemiatsy and physics,

Students do not all arrive at the kindeiyartea door with
equal opportunities and aspirations. Social and economic
realivies have beguu to have an impact lony before that time, and
schooling doeg not serve to eradicate these Ipequities, NAEP
emphasizes,

The data show substantial disparities {n 8clence profiviency

between gioups defined by race and ethnicity:

. Despite recent gains, the average proficiency of
thirteen and seventeen-year old black amd Hispanlc
students renalns at least four years behind (hat

of their white peers.
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" Only about 1% percent of the bLlack and Nispanic
seventeen-year-olds in 1986 demunstrated *he
abllity to analyze scleatific piucedures and data,
compared to nearly one-half of the white students

this aqe.

Frankly, Mr. Chairman, the evidence ls overwhelming. Thete
is an absolutely cructial need la this country te strengthean
mathematics and sclence education for all students. The need is
espeCially acute for minority youngsters who by the year 2000
will constitute roughly <40 pricent of public school enrollment:
when chey tall, the nattoun fails.

One way of enlarging the talent puol ot poutential
mathesaticiana and sclentists ls to ensure that gll students get
an equal gtart. Inastilling basic skills for all children early
on is vital.

In this connection, Mr. Chairman, I'd like to add that those
groven eftfective federal programs that serve disadvantaged
students, such as Head sStart and Chapter One, stlill serve less
than half of those eligible.

Finally, 1'd 11ke to comment biiefly on the legislation
pending before your committee that seeks to tavkle the
shortcomings in math and sclience.

H.R. 996 is clearly & step in the right ditection. The
congressional scholarship program you propose sends precisely the
right message--namely, that America cares sbout having the math
and sclence talent it needs tw muve confidently into the next

cantury.
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The number of students to be selected- two to a
congreasional distcict—-is limited. BStill, it sends & clear
Bignal that wath and science teaching Is critically ismportant and
1'a hope that as future budgets pernit, this impurtant effort
could be expanded.

I a1s50 1ike the idea Of glving awards to students who commit
thesselves to teauh wmath and sclence in the schools. Something
must be done to stop the decline in qualified math and science
teachers. Thls is a national probleam that requires a national
regponse.

some of the nation's colleges and universities are already
providing scholarships for outstanding high school graduates whe
comnit to teaching. A federal effort to join with such
institutions In helping to expand the numher of top math and
scienca teachers is a Strategy worth pursuing.

One last point. Three decades agos following the Soviet's
launch of Sputnik, President Eisenhower concluded that
strengthaning math and science in the schovls was the key to our
national security, and he secured passage of the National Defense
Educatlion Act. The pProgram providsd fellowships for teacher
upgrading and renewal in these critical fields on Campuses across
the nation,

An NUEA-type program today would supplement antd add to the
legislation under consideration (n a powverfully important way.
Teachers who ate now in the scheols remaln our greatest fesource
for improving student performance. Strengthening their skills

should be & top priority, too.
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Mr. Chairman, thanks very much for the aopportunity to acet
with you today. {'ll be pleased to answes any questions you and

other committee members may have.
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Mr. WALGREN. Thank , Dr. Boyer, for presentation.

What has gone wrong? Why?

You have commented here we are six years after “A Nation at
Risk,” and we are stiil at risk, and I guess I had the impression
that NSF has been working on curriculum ever since I came to the
Oonmem.andyethemwemadmdelatersayingwearestiu at
the point of, in your view, not having decided what it is we ought
to teach and how the curriculum ought to do it.

Canyouahmanythmnghtawithmaboutwhywehaven'tmade
more progress because certainly there have been people across the
political spectrum when it comes to education wanting to do the

t thing on all levels of government?

. BovEr. We are confused about who is in ¢ , and Ameri-
can education has grown up grase roots around 1 districts, and
that worked at a time when we were well-funded and had great
local school support. But it emerged very unevenly.

Slowly but surely, and especially in the last 10 to 15 years, we
have become aware that it is not 16,000 school districts that we are
talking about. It is a national strategy, and witness the labeling of
that report, “A Nation at Risk.”

Now, what we have been doing in our school reform movement-—
and I don’t dismiss it, and, incidentally, we have made great gains.
I don't want to be misunderstood and claim that it has been 2ll a
waste, but it has not been sufficient.

We have approached it what I guess I would call excel-
lence by ion. We still follow what I would call the model
gchool approach, the elite school approach, the essential school ap-
proach, and if you read the literature it is shot full of the idea we
are going to try a model here and there, we are oing to try an
illustration here and there, but we have not fouad a way—and |
hate to use this word. I am even embarrassed to put it in the
xecord,butlwillbeeauseitismmthantwosyllabesandt.here—
fore suspect—but we have not found a way to have a systemic ap-
proach to school excellence; that is, how we can find a way for the
entire system to be improved.

We, rather, have used our monies to encourage case studies here
and there, but in the end you run out of findin;;i examples unless
you also know that you are making available to 1. ]

So what we don’t have, frankly, is a framework and a standard
against which all schools can be held accountable, and we haven't
thought through, as I said earlier, even the curriculum expectation
toward which schools can be moving.

So I tell you, I think we are running out of steam on the reform
movement because you can only so far by encouraging one
school in isolation to improve itself. We have 83,000 some such
schools, and I don't think that is the answer.

I think we need to apY:om:h some of these problems through
what ] guess 1 would call a systemic approach, and I would say
gtatewide standards but lots of freedom at the local level to imple-
ment them and then hold them accountable.

But one of the areas, as | mentioned at the outset, where 1 think
we are still very much confused is to try to think through what we
believe the core curriculum should be and what we think the spe-
cific content might include, and I think that is where overall lead-
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ership is required, giving lote of freedom to the local school and ¢
the teachers, empowering them, then, to implement toward excc!-
lence aguinst the framework that has been carefully established.

So we have encouraged, we have not found a way to bring loca!
crentivi‘g' and national and statewide expectations together.

Mr. WarLgeeN. But you would st:ongly advocate a Manhatta:.

effort that obviously is on the national level——

M'%‘i’mve? ). To decide on goals and to devel

r. WALGREN [continuing]. To decide on and to develop——

Dr. BoYeR. Yes, as models.

Mr. WaLGren [continuing]. The methods, the specific curriculum
to meet that goal?

Dr. Boyer. As illustrative models. I am not saying that we need
a curriculum that would be imposed on 16,000 districts, but I think
we ueed models and case studies that can be available to indicate
how those goals could be established, and I think it is expecting too
muca to think that each district or local teachers can themselves
inveat this under the harassed conditions under which they work,
but they surely should be involved in developing alternative models
that are quite specific as to what the teaching strategies should be
so that these could be made available to state departments of e lu-
cation and to local districts, too.

I think it is that kind of creative leadership we need that stops
short of a national curriculum rigidly imposed or a national test
that would be mandated, but I think there is a middle ground be-
tween endless localism, in which, frankly, textbooks and tests de-
termine curriculum.

Mr. WALGREN. When you say you would stop short of a national
curriculum mandated, is the place that you would stop after the
word “national curriculum'?

Dr. BoveR. It is the “mandated” that I would stop.

Mr. WALGREN. Mandating is the problem?

Dr. Boyer. Yes. But I think it is quite in order in this country to
find the middle ground between what—the tension we have in this
country. We want local control and we want national results, and
we have never found a theoretical model to mediate between the
two.
We are slowly shifting away—we are now less concerned about
local control, and we are more concerned about national results.
What we need now is a new way of procedure in which we give
help at the netional level that is intellectually exciting, but not
take over control and authority that I think would be bureaucrati-
cally destructive, and as we have evolved in this country from local
control toward national concern, we haven’t developed strategies in
which we can maintain the two in balance, and so when 1 stop
short is more national leadership to think through goals and to de-
scribe by example curriculumr using the best minds that we have,
not in government but from classrooms and from the world of
scholars, and then school districts would have before them the kind
of expectation as well as illustration that they need, but not feel
that they are going to have to answer to a Secretary of Education
down here in building in Washington.

Incidentally, could I remind ynu that after Sputnik we had a
really exhilarating period of curriculum debate in this country. It
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was spontaneous, although it got some federal monies. I mean the
Mathematics Project, the Biology Project, English Project that in-
volved scholars in the disciplines and schoolteachers that developed
some genuinely exciting curriculum framework. Than that all kind
?é'o:ame crashing to a halt during the crisis and the traumas of the

But we have had much less interest in the intellectual issues of
education in this reform movement than we did after Sputnik.
Here it has been more structural and more preoccupied with test-

ing.

Following Sputnik we had some very intellectually invigorating
efforts on the part of scholars and teachers to try to rethink what
it is we should be teaching, and we, I think, need to somehow
bring—I guess I would call—the substance of the reform movement
into the debate.

But I don’t want to just see it by continuing to give grants to iso-
lated efforts. I think we are at a dead end on that. We are going to
have to somehow work toward more coherence, but stop short of
national mandates.

Mr. WaiLGREN. The Chair would recognize the gentleman from
Virginia, Mr. Slaughter.

I am sorry. Mr. Henry.

Mr. Hgnry. Thank you, Mr. Chairman. Thank you, Dr, Boyer.

Just by way of personal background, I used to be a college prof. 1
come from a family of teachers. I was on the State Board of Educa-
ggn in Michigan, Chair of the Education Committee in the State

nate.

I have got to say y»- have said more to us coherently and in bal-
ance than anythin ve heard in the Ed and Labor Committee
here in four years i:. ..rms of packing a lot into a little.

And 1 guess I say that not indictively, but in sorrow. Quite frank-
ly, we have had a tremendous problem because of the political dy-
namics. And I know that if you went into my community most
people would agree enthusiastically with what you are saying, but
the political endeavor has become so politicized with an agenda of
social reform, much of which is so very meritorious, but it is as if
the issue of learning in its truest sense has been put at odds with a
socinl agenda of equal educational opportunity in terms of, you
know, in the '60s we went through these anguished battles, and ap-
propriately so, in equal educational opportunia for those of color,
for those who did not have advantages of wealth in terms of access
to higher education, bilingual, multi-cultural, special ed, and that
is where the focus has been.

And, at the same time, just to turn back in terms of kind of a
vengeful approach to saying now the issue is educational account-
ability doesn’t quite turn the trick either.

Yesterday I had a long meeting with the current Secretary of
Education, and we do have the draft of the Administration’s certifi-
cation initiative, and we are waiting for final :lpproval on that, and
1 will be sure to be in touch with you immediately. I think next
mtll‘;a we will have that, and we would appreciate your comments
on t.
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The one thing that struck me, however, was your first point in
terms of the need for curricular reform in the early and middle
* ears.

I have always had kind of a bias that we are losing them in the
late middle and high school years. You mentioned early and middle
years in terms of curricular reform.

Would you just elaborate on that one point? I would really appre-
ciate it.

Dr. Boyer. Well, in some ways the primary grades are working
better than high school in a social sense, and also I think the
teaching there is often outstanding. I think if we in this—with all
due respect to your prior career—if we would give as much status
to first grade teachers as we give the full professors, that one act
alone might perhaps renew the nation’s schools.

I think the foundation years are absolutely crucial, and I would
say that the establishment of langage proficiency in the early
years is perhaps the key. If I could be assured that by fourth grade
all children were proficient in the use of English in both its written
and spoken forms, 1 think we would have done more for the na-
cion’s schools than any other intervention that I know.

But having said that, let me hurry on to respond directly to your
question. In?iteofthefact that I think there are great wacgers
and that students are often much better supported than in high
schools, I have to say from the experience that we have had at Car-
negie—and we are doing a report on the early years—by and large
there is enormous ion, and I would say almost—I will not
put for the record the word “‘bankruptcy’’—but I would say a lack
of understanding as to what the early years are trying to establish
in terms of curriculum and what we think students should know in
terms of general education.

There was an earlier design which started around the social
studies unit, where it started with the child in the family and then
a concentric circle to the neighborhood and you took trips to the
firehouse and then a concentric circle to your state, kind of moving
from the most familiar to the least familiar.

I think that that has become sterile and unuseful. It doesn't indi-
cate how the child develops a larger sense of both social and intel-
lectua! connections, and 1 think the establishment of a core cur-
riculum design at the foundation is absolutely crucial in order for
the students then to move out into greater specialization in the
senior years and on into high school.

The core of learning and the discovery of connections it seems to
me is established in early years, and I think that is when the
child is most ready to see interdependencies and relationships and,
frankly, 1 think is much more intellectually excited at that
moment than we give him credit for.

I mean another model—this is now being whimsical—why not
start with the universe and move in? My grandchildren talk about
galaxies. They don't talk about the firehouse.

I mean, I think we have underestimated what young children are
ready to discover in the world around them, and I think we need a
fresh and exciting re ing of the primary school curriculum as
the foundation for further learning and ialization. That in-
cludes math and sciencce concepts, but other disciplines as well.
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Mr. Henry. If I may just follow on that, Mr. Chairman, I think it
is a very provoking insight. I think perhaps our bias that elementa-
ryandmiddleachoolworksbetterthanhighschooliskindofa
gocial judgment on the school rather than an academic judgment.

Dr. Bovegs. And, frankly, the failures in high school are reflect-
ing on what has happened before that. It is not automatically a
failure. If you don’t develop language proficiency in the early
grades, you start to find the failure later on because the demands

get ter.

Msrl.?lmnv. But I may follow on that.

But as soon as we move into the curricular reforms and the sub-
stantive issues we get in a whole issue of cultural elitism. For ex-
ample, when Mr. Bennett came up with his high school curricu-
lum, which is in some ways what you are talking about, it becomes
culturally elitist.

If we look into the elementary, early elementary—and I am not
tryingmaskaloadedquesﬁon.lamaskinginverygmdfaith—~
what about Mr. Hirsh’s issue on cultural literacy? I mean, does
that represent cultural elitism or is he really {alking about the pro-
at‘a&tio:?xs that make reading work to achieve what you are talking

ut
hul})x".;' Boyer. Yes. I am going to have to vote on these two people,

1 will talk to over lunch.

Mr. Henry. We will do that.

Dr. Boyer. No, let me start with Don Hirsh because I think that
is a little less volzetile in this town.

I have felt for a long time that E.D. Hirsh’s basic notion about
cultural literacy is sound. If I understand him, what he is saying is
we need sufficient common knowledge and sufficient common lan-
guage and sufficient understanding of common heritage even to
engage in discourse, even to argue about our differences.

Mr. Henry. And if I understand it, he is saying——

Dr. Bover. There is no way for me to come in here this—

Mr. Henry [continuing]. In particular learning the mechanics of
reading, but it is senseless because of the lack of that. Once I put
thatinlameﬁﬁstlmnim%cr:ltum.

Dr. Boygr. Well, there is a di nce between having an under-
standing that—how shall I say this—look, education has two goals.
One is to affirm our individuality and strengthen us and empower
us to live as independent autonomous human beings.

The other is to help us discover our connections and to help us
understand that there is an interdependency in our existence, and
the minute we pretend that there is only one of these that is the
minute we have lost the essence of education.

If we stress individuality and say that is all there is, we have
miseducatadpeople.Ontheotherhmd,ifwesaythatweareall
together and deny the differences, then we have also suppressed
the dignity of the individual.

All T am saying is we should not put these as tradeoffs because
we all live alone and we are all together. We are all independent,
and we are all interdependent. We all are isolated, and we are all
interconnected.
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Now, if that is the reality of life, then education should tell stu-
dents that you are an individual, we are going to empower you for
individual gain, but you are also part of a larger community and

is no way to escape it.

So I think it is a mistake, frankly, to suggest that to talk about
common interests is to qupress the distinctiveness of individuals
or subgroups. We have to learn to know how to celebrate individ-
uality and our minorities at the same time we have to understand
how to build a sense of nationhood that includes those differences.

That is the double mission of a nation and also of education. So I
think we are in a terrible bind when to talk about our connected-
ness is to that we deny differences. On the other hand, to
celebrate differences and not identify our points of interconnection
is to teach ignorance, not understanding.

Now, as to Mr. Hirsh, he is simply saying we need enough com-
monality to carry on our common discourse and even to argue
about our differences. To that extent, I think his notion of cultural
literacy is on track.

He put at the back of his book 5000 items to illustrate what we
should know. I think that has been probably a mistake. The list 1
think is wrong for two reasons. First, it has some things in it I
don’t know, and, second, I know some things that aren’t on the list
So I think it needs to be revised.

But the basic idea that Don Hirsh is arguing about; namely, the
fact we need—I] mean, the very fact that we are carrying on this
hearing is an audacious illustration of cultural literacy. I come in
here and go rambling on. I don’t even define my proper nouns. 1
assume, maybe correctly or incorrectly, that someg;ﬁ is happen-
ing in your cerebrum that matihes mine. That is upon some
assumptions of connectedness.

Every time the Washington Post goes out on the street in the
morning hundreds of proper nouns are included and they are not
defined. The assumption of cultural literacy behind getting out a
morning newspaper is absolutely stunning.

So I don't think we can deny the basic principle that we need to
have some shared experiences, and that is what education is about.
But to do it in the that would deny differences among us or
even to acknowleﬁt we bave sometimes great tensions is
where I think education off t. ack.

I don’t have time to about the Secretary.

Mr. WaLGrEN. We would lfgi've you time. [Laughter.]

The gentleman from California, Mr. Brown.,

Mr. Brcwn. No ﬁxesﬁons.

Mr. WaLGren. The gentle lady from Rhode Island, Ms. Schnei-

der.

Ms. ScunemER. Let me just add that it is not that I am not in
agreement m;:lhsgou that I have no questions. I will say that I have
heard more wisdom through your testimony this morning than I
have heard in a very long time.

Part of the reason that 1 was late, I was just returning from a
New land Board of Higher Education meeting on biotechnology
and its future, and rather than talking about regulatory reform or
opening up our competitive markets, the emphasis obviously
turned to education. ere is the skilled workforce that we are
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going to need to carry on our lead in the innovation of biotechnol-

0% I certainly commend you for the work that you are doing, and
1 appreciate your sharing your proposals with us because, as I

ink you are aware, it is not falling on deaf ears, that there are a
number of us that share your enthusiasm for the initiatives that
you have articulated, and we hope that we can work in partnership
with you.

Thank you for your input.

Dr. Boygr. Thank you.

Mr. WaLGreN. If my colleagues will permit, one thing that keeps
running through my mind is that in politics and in the political
debate we always tend to run down the past. I suppose there is
some gain for blaming and holding some near past effort up to de-
scribing it as inadequate or wrongful, and I am always im-
prmlg at how soon we come back, quite quickly, to what was done
in the past and near past because those folks weren't so dumb after
all and in fact had the best motives to boot.

And my question is if in the '60s we thought a lot about curricu-
lum—this is an area that doesn’t change rapidly with human
nature—isn't there value there? Are we sort of continually starting
at ground zero just because we want to churn the field again, or is
there real value out of that earlier attempts to look at curriculum
and decide what works and what ought to be taught? Are we really
at ground zero?

Dr. Bover. No, we aren’t, and that gives me an occasion, Mr.
Chairman, to explain that good work is being done. When I call for
larger, more integrative effort, we could turn to many exciting ef-
forts going on today.

1 don't think it is inappropriate to say that I think California as
a state has been doing some really interesting work and good work
to think about what their curriculum K-12 should be and other
states as well. You will be hearing from Florida shortly.

We are not starting in a vacuum. We have some heritage here,
and we have some state and even local efforts. I am saying, though,
that they need to be multiplied and reinforced and where the criti-
cal mass should be created.

So I want to make that point clear,

The other point 1 wished to was perhaps to reinforce Mr.
Henry's question. I think that a lot of the issues that were raised
in the "60s were legitimate and overdue and that we had been ne-
glectful of minorities and women.

The sad fact is, though, that the schools take inordinate responsi-
bility for this; that is, when this nation is in trouble we expect the
schools to be Mr. Fix It for the nation. So we almost overburden
the schools in terms of what we expect them to do in managing
social pathologies, including family pathologies and the like, and in
the process it almost overwhelms the day-to-day practitioner in the
school who is trying to also accomplish some abeolutely essential
intellectual objectives.

But I only say I understand what you have said. Some of it was
overdue, and the schools really were almost overwhelmed with the
social responses they were asked to fulfill.
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But back to curriculum, Mr. Chairman, I would say that we have
much to learn from the past, and also we have some good examples

today.

I would add this, that there is some virtue, however, in rediscov-
ering this every generation or so; that is, a curriculum is not ster-
ile, and half the excitement and value is to rethink what it is we
are trying to do. In other words, the process has a value in trying
to e 1t in the new context.
thiI: that regard, let me just add this as a footnote, not to labor

I will tell you, I think the way the world is changing, becoming
more interdependent, the way in the next century our children are
guing to have to be thinking about such matters as the ecology and

ealth and food supply, I think that we have to increasingly think
of a curriculum that is not only a reflection of the disciplines but
integrates those disciplines and then learns to apply them to some
of the essential human problems.

So I would like to see the curriculum discussion focus on the
next century, not the last, and that is why I think we can learn
from the past, look at existing models, but I would like to see us
antici%ate what our children will need to know in order to live re-
sponsibly in the year 2030, and I don't think that kind of creative
(&lestion has been posed in trying to ask what is the framework of
ah:emclt‘xirriculum for the nation’s schools, at least as adequately as it

Mr. WaLGreN. Can you comment on NSF's curriculum develop-
ment over the last five years or so? What is your greatest disap-
pointment in that program?

Dr. Boyer. No. I have to say to you honestly that I have not stud-
ied the particular models that they fund or the results that have
been submitted. So I think it would be unfair to generalize about
that. I certainly would if I had taken the time for that, but I have
not examined it with care and should not comment. -

Mr, WALGREN. Okay.

Dr. Boyer. I was at a meeting at NSF about a month ago, an all
day session, in which some of their priorities were discussed, and I
was greatly impressed by the new sense of excitement about trying
to reinvigorate the schools and direct some of NSF's money toward
precollegiate effort and around curriculum and teaching, those
K:inci es that I felt were sound, but I hadn't looked at and do not

ve data regarding the specific projects.

Mr. WaLcreN. How would you balance the effort that NSF might
make in science and math education and what should be done
through the Department of Education?

Dr. Boves. Yes. My memory of the Department is that they have
had very little authorization to engage in science and mathematics;
that is, they have not had a history in curriculum, while that has
been almost the exclusive prerogative of NSF. So NSF has had the

Ansu I think it is also fair to say, Mr. Chairman, that NSF has
more status. Over the years it has been identified as more, if 1
might say so, an elite—I mean that in the best sense—a distin-
%:iﬁshed enterprise, and that is not to speak disparagingly of the

ce of Education or Department, but that grew up in a much
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more modest fashion, and then as it did expand it turned its re-
sources as a strategy for equity primarily, and as you well know,
most of the monies in the Department go toward equality of oppor-
tunity, Chapter 1, at the precollegiate and the Pell grants and stu-
dent loans. You take those two together, you probably have, what,
three-fourths of all the funding in the Department.

I would say that is absolutely crucial. In fact, my view is that is
the most fundamental national priority, federal government priori-
ty, is to work toward equity, and so I don’t say that is unimportant.
I am saying, however, its efforts have not been around curriculum
design generally or around science and mathematics, and they
have not had authorizations there and very little discretionary
money.

Now, as a footnote, though, it is interesting, my memory is that
after Sputnik the funding to Dr. Zacharias and others in trying to
redesign ph; sics and curriculum and the like, those came out of
certain authorizations in the old Office of Education, not out of
NSF. So that was—I am not quite sure what pocket that was, but I
think it was an OE-funded effort, quite a bit of that.

But I would say that it would be inappropriate, my bias, to some-
how say, well, this now should be redirected under the Depart-
ment, given NSF’s history, its credibility, and so I think it would be
wrong for this thing to be caught up in some big jurisdictional
debate. I think that would be a turf warfare that we don't need. 1
would rather see NSF move forward creatively, and if the Depart-
ment can find ways to implement through authorization, I
wouldn’t discourage that. But I wouldn't think a big hassle should
be made over who is in charge here,

Mr. WaLcren. Well, let me express our appreciation to you for
your being with us this morning, and we look forward to talking
with you as a resource in the future.

Dr. Boyer. Thanks very much for the time, and I congratulate
you again and respect your leadership. Thank you.

Mr. WALGREN. 'l‘bani you kindly.

Let's call then our initial panel—Betty Castor, Dorothy Shao,
Ronald Malone, and Mr. Malone is accompanied by Mr. Loeppke.

Why don’t we proceed in the order in which 1 have introduced
you to the record, and so we will start with Ms. Castor.

STATEMENT OF MS. BETTY CASTOR, FLORIDA COMMISSIONER
OF EDUCATION, TALLAHASSEE, FL

Ms. CasTor. Mr. Chairman and honorable members of the sub-
committee, I am glad to have this opportunity to come before you
at a time of unprecedented concern for the achievement of Ameri-
can students in mathematics, science, and related subjects.

This topic has been a high priority for our Department. During
the past 18 months, we have developed, along with the Florida
Chamber of Commerce, a comprehensive plan to improve math, sci-
ence, and computer education. Business leaders and educators have
worked together to develop more than 100- recommendations
toward improving student performance in mathematics and sci-
ence. Our economic survival depends on it.
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I call your attention to the executive summary of this report,
which is submitted for the record.

I have been asked today to discuss the problem of the distribu-
tion and effective use of new teaching materials for science and
math. We should not forget that if we cannot reach the teacher
vehind the classroom door we will not make the difference that we
want to make in education.

Several strategies to change what is taught and how it is taught,
however, can have major impact. Tke impact of textbooks on cur-
riculum can never be underestimated. However, we need to refocus
our textbooks so they encourage students to engage gemonally, to
have a hands-on experience with math and science iscovery and
problem solving.

Lea.mw through application must be a key focus of curriculum
reform. We in Florida are working with the Southern Regional
Education Board to pilot the development of new courses in princi-
ples of technology and applied mathematics through our vocational

rogram. Academic and vocational teachers have joined forces to
evelo%these new léfh school courses designed to strengthen basic
skills through applied learning.

I understand you will hear more about new textbook develop-
ments from other panel members.

I think the National Science Foundation’s strategy on involving
textbook lpublishex'ss in curriculum reform is a good one. The key to
successful implementation of these new and different textbooks,
however, will be ensuring their adoption on approved textbook lists
in Florida and other lage states.

We frequently hear that assessment drives the curriculum. Un-
fortunately, much assessment in our nation and our state is domi-
nated by minimum standards. It should not be surprising that our
students can compete relu'ively well in mastering basic skills on
national and international assessment. What is alarming is that
our students cannot compete in either applying these skills or
using these skills to solve problems. Yet it is these advanced skills
that will be needed in the Informational Age and for our nation’s
future economic success.

We are working in Florida on this problem. The Council of Chief
State School Officers is also looking at new assessment procedures.
Modifying curriculum and assessment modes will not produce
better students withcat better teachers.

I cannot over-em: ....:ize the importance of familiarizing teachers
with new materials. Teachers have often been an untapped re-
source in the reform movement. Efforts to enhance teacher preser-
vice and in-service education should be the basic ingredient in the
profesc.onalization of teachers, the nationwide movement.

One way teachers can learn about new curriculum is through
new technology. We Floridians are proud of the work of Dr. Mary
Budd Rowe at the University of Florida and her CDROM project,
“Science Helper.” The CDROM provides easy access to a thousand
lesson plans developed through the National Science Foundation
for elementary science instruction.

We are using it in a number of our schools, and teachers are
very excited about the limitless possibilities to provide appropriate
hands-on lessons.
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The expansion and use of CDROMs and other instructional tech-
nologies is a high priority of mine that can have a major positive
im on improving education.

applaud the National Science Foundation for developing such
resources and for their current initiatives in developing new ele-
mentary curricula. The NSF is right on target.

I am glad that Congress is focusing on putting resources into the
education mission of the National Science Foundation budget. I un-
derstand that education’s share has grown to 10 percent, but I be-
lieve that focus should be substantially enhanced to increase the
national leadership role.

The education of our young people in math and science is a ques-
tion of the nation’s capacity to compete, and we n.ust have the re-
sources we need for that international competition.

I have some recommendations today for establishing closer work-
ing relationships between the National Science Foundation and
state policy groups.

First, we need to know what is in the pipeline so we can avoid
duplication in our own development efforts. It would also be help-
ful if we could regularly be informed about prujects in the develop-
ment stage.

Next, communication between state policymakers and thie Na-
tional Science Foundation should be more closely linked. It would
be helpful if the Foundation could take a more direct leadership
role in assisting states to reform math, science, and computer edu-
cation.

We would like to be able to turn to the National Science Founda-
tion for assistance in devel:ﬁwing pilot efforts for our new initiative.

Next, the Foundation could most appropriately serve as or fund
a clearinghouse of information about developments nationwide to
improve math, science, and computer education.

n preparing our comprehensive plan, there was no one central
place we could go to determine the state of the art. As other states
joined the math and science reform movement, a clearinghouse
would be a valuable resource center for sharing information and
strategies among states.

Finally, teacher education remains a high priority if new cur-
riculum is to be used in our classrooms. In-service programs should
encourage the active participation of teachers as partners in rede-
signing curriculum and refocusing teaching strategics. Preservice
programs should pay close attention to developing math and sci-
ence courses designed specifically for elementary teachers.

Our state has a critical shorta%e of math and science teachers.
Current figures show that we will produce fewer than one-fifth of
the mathematics teachers and fewer than 10 percent of the science
teachers we need in Florida by the turn of the century.

We must do more to attract good, able young people into the

ing profession.

I am proud that Florida initiated an extensive program of schol-
arships and loans several years ago. It has had a positive effect.

Since this is one of your areas of interest, I have attact :d to my
written testimony a summary of the various programs ncw offered
to potential teachers in critical shortage fields.
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National attention and dollars would be welcomed in providing

greater visibility to the critical shortage needs in this area.
u'll)‘hank you for the opportunity to talk to you about this critical
subject.

1 am proud that Florida has produced its own comprehensive
plan to move ahead. We need the support of the federal govern-
ment on a variety of important topics—curriculum development,
development of teaching materials and resources, enhancement of
teacher preparation, funding of incentives for more teachers, and
the development of new assessment strategies.

I would be pleased to provide you with a copy of our comprehen-
give plan once it is completed, and 1 would be glad to respond to
any of your questions.

Thank you.

[The complete prepared statement of Ms. Castor follows:]
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I am glad to have this opportunity to come before you at a
time of unprecedented concern for the achievements of American
students in mathematics, science, and related subjects. During
the past 18 months, this topic has been a high priority focus for
our departaent, working together with the Flarida Chamber of
Coamerce, to develop a comprehensive plan to improve math,
science, and computer education in Flaorida. Business leaders and
educators have vorked together to develop over 100
recommendations related to improving student performance in
mathematica and science. 1t is viewed as economic survival; our
future depends on it. I call your attention to the executive
summary of this report which is submitted for the record.

" I have been asked today to review the problem associated
with ?aininq wvidespread distribution and effective use of new
teaching materials for science and mathematics instruction. The
diffusion of nev ideas and new materials in education is
difficult for & number of reasons. PBducation in this country is
based on a long tradition of locel control and locsl decision
naking by achool boards. Where a state can establish required
courses, school boards want to reserve the right to select the
curriculum that will be used to teach those courses.

Even within schocl districts there is tremendous variation
in how courses are taught, Classroom instruction depends on the
experience, teaching style, and preferences of the teacher.
Education has been appropriately described as a loosely coupled
system -- because of the auvtonomy of iocal schools and teachers
in dcterninin? wvhat is taught and how it is taught. Recent
studies of reform by the Rand Corporation (§5g§%z_ﬂggk, Elmore
and McLaughlin) and others have ewphasized the importancc of the
cl:ssroom teacher in gaining acceptance of any innovarion or
reform.

We should never forget that if we cannot reach the teacher
behind the classroom door, we will not be making a difference in
education.

There are several stratagies related to changing what is
taught and how it is taught, however, that can have a major

impact.

NEW CURRICULUM: The impact of textbooks on curriculum can
never be underestimated, However, vhat is part of the solution,
potentially, is currently part of the problem. There have been a
number of studies recently that emphasize textbooks'
preocCcupation with coverage, particularly in math and
science~-too many topics crammed in to accommodate everybody's
interests,
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Recent resaarch of eighth grade math books,. for example,
have documented the redundancy that exists in these books. Less
than 50 percent of the materisl covered {s nev material. In the
first half of the textbook over 70 percent of the material is a
rehash of topics alresdy covered.

Studies of science textbooks have reported memorization as
being a primary focus. It was called to my attention that one
major biclogy textbook introduced more nev vocabulary words than
an introductory French textbook at the high school level.

One can only question the appropriateness of these
approaches, particularly in light of international comparisons.
We need to refocus our textbooks to promote active involvement of
students in ggin% math and science, experimentation, discovery
and problem solving. Learning through application needs to be a
key focus of curriculum reform. We are working with the Southern
Regional Bducation Bosrd to pilot the development of new courses
in Principles of Technology and Applied Mathematics through our
vocational program. Academic and vocational teachers have joined
forces to develop these new high school courses designed to
strengthen basic skills through applied learning.

I understand that we will be hearing more about new textbook
developments from my fellov panel members. I think the National
Science Foundation's strategy of involving texthook publishers in
curriculum reform is a good one. The key to successful
implementation of these nev and different textbooks, however,
vill be getting them on the textbook adoption 1ist in Florida and
other large states,

ASSESEMENT: We frequently hear that assessment drives the
curriculum., Unfortunately, much assessment in our nation and in
Florida is preoccupied with minimum standards. It should not be
surprising on the internationsl tests that cur students can
compete relatively well in mastering basic skills. what is
slarming is that our students cannot compete in eiih-<c applying
these skills or using these skills to solve problems. Yet, these
more advanced skills are what will be needed in the Informatiocnal
Age and for our countr¥ to succeed economically in the future.

We are vorking in Florida on this problem. The Council of Chief
Siate Schoocl officers has been looking at newv assessmant
srocedures in this area. There is a tremendous need for
eveloping assessment instruments and nev technology, ruch as
simulations, to provide better assessment of the problem solving
skills that ve are trying to promote in our schools.

TEACHER ENHANCEMENT: As I have slready stated, if we cannot
impact on the knowledge and teaching methodolegies of a classroom
teacher, then our efforts will have been in vain. I cannot over
emphasize the importance of educating teachers to become familiar
with new materials. Teachers, in my opinion, are an untapped
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reagource in the reform movement and efforts to enhance teacher
preservice and inservice education should be compatible with the
professicnalization of teachers movement nation-wide.

We are working vith Dr. Ken Tobin at Florida State
University, for example, in spongoring an experimental program in
elementary schools to develop mentor teachers to improve
instruction in math and science. The results have been
impressive; the teachers have heen enthusiastic partners in
vorking with their colleagues to make fundamental changes in how
math and science is taught. Changing elementary instruction
should be a ver¥ high priority because international tests ghow
that we are losing the interest of students early.

USING NEW TECHNOLOGY TC PROVIDE ACCESS TO NEW CURRICULUM:
We are proud in Florida of the work that has been done by
Dr. Mary Budd Rowe at the University of Florida in her CDROM
project, "Science Helper." This CDROM provides ef@sy access to a
thousand lesson plans that have been developed through the
National Science Foundation for elementary science instructjon.
We are using it in & number of our schools and teachers are very
excited about the limitless possibilities to provide appropriate,
hands-on lessons, The espansion snd use of CDROM's and other
instructional technologies is a high priority of mine and can
have a major positive impact on irproving education,

I would like to applsud the Nstional Science Foundation for
developing resources such as this and for “eir current
initiatives in developing nev elementary cucricular; they are
right on target.

1 am glad that Congress is putting resources into the
sducation mission of the National Science Foundation budget. I
understana that it has grown to 10 percent, but I believe that
focus should be subhstantially ennanced to increase the national
leadership role. The educarion of our young people in math and
science is a question of nztional survivai, and ve must have the
resources that are necessary to wvage that nev war,

RECOMMENDATIONS POR AN EXPANDED NSP LEADERSHIP ROLE: 11 have
soma recommendations today for establishing closer working
relationships betveen the National Science Foundation and state

policy groups:

{1) We need to know what is in the pipeline. We need to
have greater access to information about what new curriculum and
other assistance ve can expect, and when this will be available.
WHe want to avoid duplication in our own development efforts, and
it would be helpful if we could, on a regular basis, be informed
about projects thet are underway.

{2) There needs to be & closer communication linkage with
state policymakers. It would be helpful if the National Science
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Foundation could take a more direct leadership role in assisting
atates to reform math, science, and computer clucation. For
example, ve have recently developed a comprehensive plan which
proposes many nev initiatives. We would like to be able to turn
to the National Sclence Foundation for assistance in developing
some pilot efforts. Florida, the fourth largest state, together
vith the s rt of its business lemaders, seeks tO become
involved in implementing major comprehensive reform initiatives.
We need help.

{31) The Foundztion could most appropriately serve as, or
fund, a clearinghouse of information about developments
nationvide to improve math, science, and computer education.
This clearinghouse ~ould address the following areas: 1)} state
policies, 2) new cu-riculum developed and in the pipeline,

3) assessment develupments, 4) textbooks and other instructional
materials, 5) technclogical advances, 6) teacher enhancement
initiatives, and 7) innovative projects (what works).

In preparing our comprehensive plan there was no one central
place where ve could go to determine the state of the art. As
other states join the math and science reform movement, this
wvould be a valuable 1esource center for enabling states to share
information and strategies.

(4) Teacher educition remains a high priori:, if new
curriculum is to be used in our classrooms, The focus should be
on both preservice anc inservice programs. Inservice programs
should encourage the sctive participation of teschers as partners
in redesigning curriculum and refocusing teaching strategies.
Presecvice programs need to pay close attention to developing
special math and scienze courses designed specifically for
elementary teachers.

Our state has a criticsl shortage of mathematics and science
teachers. Current figures show that we will produce fewer than
one~fifth of the mathematics teachers and fewer than 10 percesnt
of the science teachers needed by the turn of the century. It is
imperative that we do mure to attract good, able, young people
into the teaching profession. To this end, 1 am proud to say
Flrrida initiated an extensive program of scholarships and loans
seseral years ago, which has had a positive effect. Since this
is one of your areas of interest, I have attached a summary of
the various programs now offered to potential teachers in
critical shortage fields, National artention and dollars would
be welcomed in providing a greater visibility to the critical
needs in this area.

CONCLUSION: Thank you for the opportunity to talk to you
about this critical subject. I am proud to report that Florida
has produced its owh comprehensive plan to move ahead. We need
the support of the Federal goverament on & variety of critical
topics—-curriculum development, development of teaching materials

- § -
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and resources, enhar:.ement of teacher preparation, funding of
incentives for mor« teachers, and development of new assessment
strategies.

I would be pleased to provide you with a copy of our
comprehensive plan once it is completed, and I would be glad to
respond to your questions.

Ut
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The development of this Comprehensive Plan has been a joint project of the Florida
Chamber of Commerce a.ud the Department of Education to make recommendations to
improve mathematics, science and computer education.

This plan represents the consensus views of a broadly based group of individuals from
the business and edacation communitics. It represents the best thinking of professional
educators and researchers in the ficld. And, it represents the goals and actions we agree are
necessary for the State of Florida in the quest to be more competitive in a world cconomy
increasingly dependent upon science and technology.

We defined our mission broadly and ambitiously: io prepare recommendations 1o meke
Florida a world leader in mathematics, science and compiter education.

The stakes could not be higher. In a world increasingly dependent on the technological
skills of its workers and the scientific lituracy of its citizens, Florida cannot afford to be
second best.

We quickly discovered that educators and business leaders alike share the view that we
can — and must — improve our current performance. Business leaders know that far too
many young people leave our school system without even the rudimentary skills they need
to survive, let alone thrive, in our increasingly technological economy. Business leaders
know that corposations will locate new operations where the best-trained labor supply can
be found. Wyknowdmmimpmwmmlisnmdcdithﬁdaismmaincxisﬁngfm
and remain aftractive 1o new enterprises.

For their part, educators are scutcly aware that some existing programs arc niot
producing the desired results. They know that students do not receive as much meaningful
instruction as they should in mathematics and science in the early grades. They know that
the best way to interest students in mathematics and science is to make these subjects
concrete, real and exciting from the start. And educators know that they need suppoet in
providing this kind of "hands-on” learning expericnce — that their own preparation in

6
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muthematics and science requires continued updating and that they must revisit the real
world of science and technology to keep up with new ideas and developments.

We challenged ourselves to tackle these big issues - - to develop a Comprehensive Plan
that would focus attention on high-level goals, but would also offer pragmatic suggestions
for the accomplishment of the broad objectives.

After fifteen months of mectings, discussions and drafting sessions, we have agreed on
more than 100 specific recomnmendations for bringing Florida schools to the forefront of
mathematics, science and the usc of computers in education. The proposals contained in
this report represent the thoughtful and cooperative work of cach ana every member of this
Task Force. They represent ideas that business leaders and educators froim many different
points of view agree are essential if our goal for Florida's schools is to be realized.

'The need, the direction and the prionities are clear: Florida must take the following
immediate steps to assure that its young people have the best opportunities 1o leam
mathematics, science, and the use of computer technology.

»  We must assure that mathematics, science and computer education are exciting to our
youngest children.

*  We must assure that students leam with understanding.

*  We mast overcome 2 serious shoftage of teachers who are prepared 1o teach
mathematics, science and computer education.

+  We must retain our best teachers by assuring that the conditions for thesr professional
growth and development are met.

*  We must provide teachers and students with state-of-the-art technology to support and
enhance Jearning.

»  We must anticipate future labor-force nceds by attracting the best students - especially
those who previously have been under-represented at advanced levels -— to
mathematics, science and computer education.

7




56

*  Wemust invite a wiie ammay of partners to help in meeting the challenge.
+  Wemust take bold but realistic steps to implement this Comprehensive Plan.

The members of the Task Foree realize that publication of this Plan is only the
deginning. We have chosen 1o report candidly and 1o speak boldly. We invite you to read
this report carcfully, and to consider the goals und actions that we have decided must be
pursued. We invite you at the same time to consider that being world leaders will mean
sharing a common understarding of the challenges, 4 common vision of the future and
common sitategics for achieving our objectives.

Many partners will have o march together if our goals are 1 be achieved. New
alliances will need w be forged. existing ones srengthened. Indeed, the Task Foree isclf
was a model of the kind of collaborative consensus-building that will be required. Itis in
this cooperative spirit that we call on all Floridians to join with us in helping to put imto
place this Comprehensive Plan fos leadership in mathematics, scicnce and computer

education.

Bob Alligood, Chainvian  Judy Ambler Hury Baum John Bernreuter John Camroll
Cheryl Cliet. Tom Denmark Roderick Dickens Mary Ann Dufont Susun Englen
John Geil James Glass Sherrie Glass Julius Hobbs Tom Hopkins  Bill Howden
Ron Hunt Preswon Jones Pat Kelly Katie Kofght Kim Maher Rill Maloy

Nancy McDonald George Mosakowski Roger OY'lirien George Rickus

Mary Budd Rowe Kenneth Tobin
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EXECUTIVE SUMMARY
FINDINGS

Florida's economic future — and hence the prosperity of all its citizens -— increasingly will
depend on a work force that is technically literate in mathernarics, science and computer
technology. Unfortunately, there are disturbing gaps between what future Florida workers
should know and what today's Florida students are learning. Fittingly for a weport on this
subjoct, much of the story can be told with numbers.

Demand: The Emerging Economy

. Among the qualities required of future Florida workers, noae will be more
important than flexibility, adaptability and the desire to continue leaming. Countless jobs
that once required physical strength, manual dextenty ard repetitive calculations already
require problem: solving abilities and teamwork. These rends appear o be accelerating.

. Nowhere is the need for skilled workers more apparent than in the fass-émwx’ng
high-technology sector. Florida now has 1,900 high-tech companics employing 150,000
workers —- an increase of 244 percent in the past 10} years, If the trend continues, within
five years, Florida will rank fourth in high-tech jobs behind California, Texas and
Massachusetts.

. Future job growth is expected to be particularly strong for medical assistants,
Computer sysiems analysts and operators, health professionals and data processing repair
persons — all requiring technical skills. The nzov for technically skilled employees will be
especially acute 1n the health-care field.
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. Even in non-"high-tech” ficlds, demand for more techaical sophistication is nceded
as the use of computers and related technology expands. Furthermore, the need for
technological and scieniific literacy extends beyond employer roguirements; in an age of the
"greenhouse effect”, genctic engineering and the like, citizens need some understanding of
technological issucs to make infonmed judgments.

Supply: Student Performance and Preparation

. Florida businesses already report shortages of technically skilled workers. Ina
recent survey, 41 percent of Florida corporations said they had trouble finding qualificd
professional-techuical employees, and one major high-tech firm hires 80 percent of its
professional staff from out of state. Without significant changes in the educational system,

these shostages are likely to increase.

. Only half of U.S. 17-ycar-olds have any “sophisticated understanding of
mathematics” and a majonity of 13-year-olds are "poorly equipped for informed citzenship
and productive performance in the workplace, let alone postsecondary studies in science,”
according to the National Assessment of Educational Progress.

. American stixients consistently rank near the boftom on international mathematics
and science ests. To the extent state data are available, Florida students tend to perform at

about the national average.

. On the 1987 State Student Assessment Tests, 26 percent of Sth-graders couldn't
solve a purchase probiem invalving making change from $1; 23 pervent of 8th-graders
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couldn't tell how much time had clapsed between two events given in days, months or

years.

. Worse, the performance of U.S. students tends to decrease over time. While U.S.
Sth-graders ranked in the middie of scieace achievement relative 1o students of 14 other
countries, U.S. 9th-graders runked next to Jast. Part of the problem is that most high-
schoal students fulfill their mathernatics and science requirements by the end of their junior
year, and few take advanced courses. Only 14 percent of Florida seniors take physics, for
instance, and less than 10 percent of high school students take calculus,

. Achievement levels for minorities and females (who along with immigrants, wili
make up about 80 percent of Florida's new wotkers by the year 2000) tend to be lower
than for white male students.

. Although Florida has made some progress recently, it appears that we have
basically raised scores of students at the lower end of the scale, but have done litile to
improve performance elsewhere.

. The poor student performance is aot surprising. Consider that:

— The average U.S. elementary student speids only 20 minutes a day on science
and 44 minutes on mathematics.

— Despite studies showing that hands-on, experimental leaming is more effective,
84 percent of instruction in secondary school mathematics and science classes and
74 percent in clementary classes is by lecture, a national survey found.

— Too mmxch mathematics and science education amounts 1o rote memorization of

discrese facts and forrnulas, with o little attention to the intcpration of

i1
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mathematicul and scientific principles and processes and not cnough emphasis on
leaming for understanding.

--- Too many textbooks are repetitive. One study found that 70 percent of the
material in an 8th-grade textbook had boen covered in previous grades.

-~ Despite recent improvements, not enough Florida students and teachers have

adequate access to computers and other instructional technology.
Supply: Shortages of Qualified Teachers

. Between 1986 and 2000, Florida is expected to produce only 18 percent of the
mathematics teachers and 9.5 percent of the science teachers it needs. Thus, Florida will
have to fill these positions by recruiting out-of-stasers and non-wraditional teachers (such as
retired engineers and scientists) - - if they can find enough qualified candidates.

. Too many teachers are unprepared. In 1987-198R, for instance, about one in ten
general-level mathematics and science courses are being taught by teachers not certified in

these fields.

. The lack of preparation is especially acute in the Jower grades. Elementary
education majors averaged less than a single semester hour in mathemuatics or science
during their junior or senior year in college, and none took an upper-division sciencs

course.

. Despite recent improvements, Florida teachers remain inadequately compensated,
ranking 27th overall nationwide.

12
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. Fifty percent of U.S. mathematics teachers and 60 percent of science reachers say
they are unprepared to use computers as an instructional tood, acconding to a national

survey.
GOALS AND RECOMMENDATIONS

The Comprekensive Plan advances five basic goals, accompanied by a serics of specific
recommendations, to improve mathematics, science and computer education in Florida,
We conclide with a call to action to alt Floridians.

Strengthen the Curriculom

Goal 1: Strengthen the curriculum in mathematics, science and computer
education to prepare students for a sociely demanding a high degree of
technological and scientific literacy.

At all grade levels, more concepiual understanding should be encouraged. A cumiculum
that is an inch deep and a mile wide is inadequate. So i rote memoriztion of unconnected
facts and formulas. Students must undersiand the relationships between and among
mathematical and scientific principles and processes. And they must have a chance 10
cxplore & subject in depth, leam 10 reason scientifically, experiment and iest for altcmative
solutions and reject hypotheses that cannot be supported by the evidence.

Furthenmore, it is not just a question of bringing all students up to some universally
acceptable minimurs level of performance. We must create the opportunity for higher
levels of achicvement. Specific recommendations inchude:

13
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Initiate fundamental curricular reform in elementary school

— Teach mathemarics and science on a daily basis integrating computer technology
where appropriate.

~— Expand and integrate topics covered in clementary mathematics and science
using an active, problem-solving approach.

— Build on successful elementary curricula now being used in Florida schools.

— Give elementary teachers support and assistance in preparning to teach
mathemnatics, science, and computer education.

Reform middle school curricula

— Expand new mathematics concepts covered in middle school mathematics .
include algebra, gecometry, cstimation, probability, ratio and proportion, and logic.
- Ensure scicnoe courses include concepts in physical, life and canh/space
sciences, and science, technology and society.

-— Emphasize the use of computer sechnology in all areas of the curriculum.

~—. Emphasize "hands-on,” problem-centered learning.

Strengthen secondary cumiculum

~— Maintain the high schonl requirement for three credits in both mathematics and
science.

— Require courses in biological, carth/space and physical science; cover jopics in
science, chnology and society aod the history of scientific thought in cach course.
— Redesign sthe mathematics curricutem to include coverage of topics in
probability, statistics, algcbra, geometry, trigonometry and calculus,

— Provide a financial incentive to districts with .2 FTE funding for each studest
who takes a fourth year of mathematics or science from a specified list of courses.

14
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Provide studeat incentives such as weighted GPA points for studying fourth year

mathematics or science.

- Review all texibooks, software, and instructional materials 10 assure support for
the goals of the Comprehensive Plan.

Revitalize Learning

Goal 2;: Make mathematics, science and computer education more exciting.

The most effective way o improve academic performance is to make mathematics, science
and computer instruction more stimulating. Students should be exposed early and ofien to
the thrill of discovery, to the adventures of observation and to the broader insights into
scicntific principles that govem their world. Specific recommendations include:

. Expand the real-world application of mathematics and science concepts. Encourage
such activities as cooperative education, community-service projects and intemships.

Exp.sd - - tional content in academic courses and academic content in vocational courses.

. "5t 48 BCHVE EXperimentation, teamwork, cooperative Jeaming and critical
thinking though "spirit of science” approaches. Among top priorities, teachers should
devose sufficient time to "hands-on/minds-on” leaming through laboratory wark, field trips

to science museums and simikir activities.

. Establish a business/education matching-grant pantnership program that provides
funds to clementary and middle schools for enbancing the teaching of mathernatics and
science and the instructional use of computers.

15
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) Provide incentives 1o restructure schoals and school systems 1o streagthen leaming
for understanding, and to share successful models and practices.

. Expand summer in-service institutes for elementary and secondasy teachers.

» Expand summer schoo! offerings to include advanced as well as remedial

. Resume construction, renovation, and remodeling of laboratory facilities.

. Increase the availability and use of state-of-the-art instructional technology.
~ Provide students and reachers with greater access to more hardware, approjeiate
software, phone lines/ MODEM:; and mors networking.
~— Expand long-distance leamning through SUNSTAR.
~— Use the Mode! School Consortium to help demonstrate successful uses of

Frepare More Qualified Teachers

Gosl 3: Expand the number of qualified mathematics, science snd computer

feachers.
The success of the Comprehensive Plan depends fondamentally on the quality of our

teachers. If we want our students to benefit from a more stimulating, demanding and
integrated approach to mathematics, science and computer education, we must begin by

16
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prepering, recruiting and retining the best instructors possible. Specific recommendations
inchude:

. Identify and recruit high-quality students to teaching careers through such programs
as Future Educators of America,

. Expand existing recruitment, loan and gramt programs to recruit and retaii; qualified
teacher candidates.

. Expand efforts to recruit and educate teachers with non-traditional tcaching
backgrounds, such as retired civilian and military scientists, engineers and technicians.

. Expand the capacity of Florida universities and commumity colleges to produce one-
third of the state's needed mathemarics, science and computer education reachers within
five years.

. Improve pre- and in-service programs to ensure that elementary reachers are
propery prepared to teach mathematics, scicoce and utilize computers in all areas; establish
certification standards that requine preparation in these fickds.

. Continue efforts to improve the compensation (salaries and benefits) of all teachers.
And consider special incentives (such as 11 or 12 moath contracts) o recruit and retain
good teachers in subject arcas with critical shortages such as matbematics, science and
computer educasion.

17



. Crese 8 mare professional work environment for teachers. Give teachers more
decision-making authority in the schools, more rewards for innovations, and more
oppovtuniv- 2, to exchange ideas and successful practices.

. Make available expanded professional-development opportunitics. Specific
suggestions inchsde:
— Establish an Institute for the Advancement of Teaching for use by seacher teams
during the suminer.
— Expand and target summer in-service institutes ‘o update elementaxy teachers'
knowledge and skills in mathematics, science, anx the use of computers as a

seaching tool.

— Provide incentives and resounces for exemplary teachers to serve as meator and
resource feachers.

— Expand opportumities for .eachers 10 find summer work in business, industry,
government agoncics or P sututions through impleme. .ation of a new
Teacher/Quest program.

Reach Out To Students With Special Needs

Goal 4: Increase motivation, incentives, and opportunities for minority,
female, at-risk, disabled and gified students to pursue programs and
careers in mathematics, sclence and computer education.

Given that 80 percent of Florida's new workess by the year 2000 are projected o be

mincritics, immigrants and women, and that these groups traditionally have been under-
represcated in scientific and technical ficlds, special steps must be taken o cncourage their

18
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development. The keys appear 1o be early and sustained interventions to stirulate studeat
imerest and boost pesformance. Specific recommendations inclwde:

. Support excmplary efforts such as magnet programs and centers for academically
mlented stndents, develop alternatives to the tracking system, and provide gresier access to
positive role models,

. Teachers and parents should overcome stereotypes, provide carly intervention and
counseling, and stress tochnology-related carcer opportunitics.

. Encourage active participation by parents and communitics in mathematics, science,
and programs using computer technology 1o increase participation by under-represented
groups.

. Colleges and universities should use the College Reach-Out Program, dual
emollment, advanced placement and financial-aid awards to target under-represented

Get Results

Goal §: Irnplement and refine the Comprehensive FPlan as necessary to make
substantial, messurable improvements in mathematics, sclence and
computer education by 1999, And re-examise and adjust statewide and
classroom fests, as needed, to support the goals of the Plon .

’ Implement the Comprehensive Plan in three “lighthouse districis” to learn what it
will take %o succeed stasewide.

19
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. Establish a research advisocy commission of educarors, business executives,
scieatists, state govemnment officials and others 0 oversee the Plan’s evolution and
implementation. The commission's top priorities should be to:
— Conduct a thorough re-cxsmination of curriculum and assessment goals in all
— Establish and refine measures of success.
— Work with the three lighthouse districts and others in implementing the
Comprehensive Plar and recommend future revisions.
— And, working with the Depastment of Education and the Centers of Excellence
in Mathematics, Science and Comsputer Education, expund the identification,
dissemnination and implementation of exemplary programs.

. Encourage districts to develop a district plan for implementing the Comprehensive
Plan in their schools by making them cligible o recr *ve additional funding for

. Initiate further planning at the P tary Education Plann"ng Commissi
(PEPC) 10 align programs at community colleges and universitics with changes in
mathematics, science and computer education in grades K-12

Classroom and statewide tests accomplish scveral objectives. They drive curriculum, send
npﬁdmmmmmmmhmmmm

expansion of model programs to other communities. To cnsure that tests appropriately
measure the goals established by the Plan, scveral sicps arc necessary:
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. Review the statewide assessment program to assure consistency of testing with
goals of the Comprehensive Plan ; emphasize understanding, application of knowledge,
critical thinking, and problem- solving skills.

. Supplement paper-and-pencil tests by developing practical assessmcnt o cvaluate
such skills as problem-solving, critical thinking, reasoning, cooperative learning,
teamwork and the application of knowledge.

. Permit greater use of calculators during tests to ensure that students do not spend 8
disproportionate amount of time on computational operations.

. Utilize computer sytems for altemative and individualized assessment , analysis,
planning, and reporting.

A Final Werd

The goal of improving mathematics, science and computer education is nog just for
teachers, students and policymakers. It is a challenge shared by all Floridians: parents,
business exocutives, community keaders and others. We know that our future economic
prosperity and socieral well-being depends on well-educated people We know, 100, that in
an age ever more reliant on technology, effective education must incuude increased levels of
technological and scientific liveracy.

The majority of Floridians not directly involved in the educational enterprise nevertheless
can make 8 number of important contributions. Excellent pesformance begins with great
expectations, snd the Comprehensive Plan has set its sights high. We want our students to
be the best — to master difficult subjects, 1o think creatively, to reason persuasively,
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mmnmmm.mmmmmmcwdm
entire commmunity. We have scen time and again how the encouragement of a parent, the
enthusiasm of a scienoe muscum volunteer, and the personal involvement of & business
executive can make a tangible difference in a student's performance. Such mutually
reinforcing partnerships should bocome the rule, not the exception. In this regard, the Task
Force makes two recommendarions:

. Increase expectations and reward achievemeant. Having demanded excellence, we
also must be sure to reward owtstanding achievement. Among the more promising
Mmmmd&smmmmﬁnmmﬁc&mm
the use of computers as energesically as they now honor athletes, performers and artists.

. Expam:macpmdmtivc enlishoration of educasors with parents, community
resources, business and industry. ngmnumhasﬂ\cﬁducatimamllmum(:oaliﬁm
of the Florida Chamber of Commerce have played a leadership role in developing new
parterships with industry. Many more such alliances are needed.

Working together, all of Florida will benefit from a technically skilled work foroe and
su‘uniﬁcaﬂyﬁmdﬁzuryﬂmtmkadlhemuinwnmcmmydpvdmﬁvﬁyand
prosperity.
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Mr. WarLGreN. Thank you, Ms. Castor.
And we will turn to Mrs. Shao.

STATEMENT OF DOROTHY J. SHAQ, EXECUTIVE EDITOR OF
SCIENCE, SILVER, BURDETT AND GINN

Mrs. Suao. Thank you, Mr. Chairman, members of the commit-
tee.

I was invited to provide testimony on one >f the NSF-funded pro-
grams for developing curricular materials. Silver, Burdett and
Ginn and the Houston Museum of Natural Science are recipients of
a National Science Foundation grant to develop a new elementary
science program, and I was asked to provide more information
about that project.

The name of our project is the Science Connection. It is a supple-
men program for grades 1 through 6. The program will have a
copymt of 1992 and will be available in printed form by the
summer and fall of next year.

The goals of the Science Connection project. It is a supplementa-
ry program, and our intention is to develop, to field test, and
market an elementary science curriculum that students will want
to learn and that teachers will be able to teach within their exist-

teaching skills.
m%‘be Science Connection consists of three parts. The basis is what
we call a Science Discovery Reader, which has appealing student
characters that discover how to solve science problems in the real
world, and through this familiar reader format elementary teach-
ers can present science concepts in the context of student experi-
ences.

Another component is the Interdisciplinary Science Connection
Workbook, in which student activities blend science content with
mathematics, arts, social studies, and the fine arts.

The i here is that science is not an isolated
content area, that students and teachers must see science as an in-
tegral and interrelated component of what is taught in the elemen-

tary grades, and interdisci activities also a to children
whose strengths are in leammg areas, finally this ap-
proach draws upon the teachers’ training in teaching other areas
of the elementary curriculum.

The last component are Science Discovery Kits, which utilize
very appealing manipulatives in hands-on science activities. Re-
search shows that children learn by doing, and these kits provide
science investigations that students can do by themselves or in
small groups. . )

These kits may also focus on adults in science-related careers
who do similar activities as a part of their jobs.

So the message for students is clear. If you like these science ex-
periences, you should consider a science career, and both technical
und professional science careers are featured.

Funding from the National Science Foundation is available to
support the development and extensive field testing required for
these new curriculum products. Each component is reviewed by
content experts, botl in science and in other disciplines addressed
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gg the product. Components are also reviewed for their utilization
riate science skills in problem solving situations.

At grade level 90 teachers will field test all three compo-
nents in their classroom, and an additional 50 teachers and educa-
tors will review the materials for applicability in the classroom.

This review process is occurring In 105tates,spmde§eogm%hei:
cally across the nation, and the Baylor College of Medicine
search Department is coordinating the evaluation effort.

The Science Connection iculum will be correct and will work
in the classroom before it is marketed.

The Houston Museum of Natural Science, our partner in this
project, is coordinating curriculum development. A successful sci-
ence museum has the expertise needed to develop curriculum ma-
terials that students will like and that will relate to science in the
real world.

The last partner, Silver, Bu.dett and Ginn, we are a major pub-
lisher of elementary science textbooks, and we have been extreme-
ly successful in the elementary science market. Our current Basal

ementary project is one of the best selling in the country.

For examge, in the last two years our elemen science pro-
gram was by over 90 percent of schools in West Virginia,
over 70 percent in Florida, and over 90 percent in Indiana.

We have a proven reputation as a leader and promoter of quality
science education materials, We bring to this project our exper-
ence in developing and marketing education materials for the ele-
mentary market, and we are working closely with the Houston
Museum of Natural Science to produce a marketable supplementa-
ry science program that is directly correlated to most, if not all, el-
ementary science programs.

Our sales force consists of over 150 sales representatives and con-
sultants, who will present the Science Connection program along
with our Basal Elementary program to every state in this country,
andom&opomlundereomdem tion is to provide a sample of the
Science Connection program when schools purchase the Ele-
mentary Science program.

When a basal program text is purchased, it is a standard practice
to provide each teacher with a teacher edition and set of teacher
resource materials for every class set of student books. The teacher
resource materials provide additional activities and ideas that help
mers customize the teaching of science to meet individual stu-

So now these teacher resource materials would include a gratis
copy of the Interdisciplinary Connection component of the Science
Connection. A sample package of the Science Connection will also
be developed to distribute to interested customers.

Brwhumsuchastheonelprovidedangdjonmnladsandm
mercial workshops at professional science education meetings are
other ways that will be used to promote the program.

The Science Connection project has been developed to have the
broadest appeal to the non-science trained elementary schoolteach-
er,andaincethemnjoriﬁyoﬁhselemmtaryachoolte&chemempha-
size the teaching of reading, the use of a science based reader will
raise the comfort level of teachers and minimize any concerns they
may have about the lack of in-service training.
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The terms of the NSF grant allow for setting aside a portion of
rofits for in-service training. This fund will be managed by Silver,
and Ginn, and with the approval of NSF, the company will
add its own monies to broaden and enhance the in-service program.
Therefore, the more successful the program, the more funds avail-
ab}: for in-service training. sl
summary, we anticipate no unus pro~’ams in promoting
and distribu the program. In fact, because of the in-service
funds by sales of the program, we expect that the Sci-
ence Connection will be even more widely used than most pro-
grams of this nature.
So we applaud the National Science Foundation for sponsoring
ﬁslgmnt, without which programs such as the Science Connection
not be devel . By providing seed money for the research
and development of the program and by building in provisions for
the funding of in-service pmgmns. has created incentives to
the business community for developing, promoting, and improving
the teaching of science in this country.
Thank you.
[The complete prepared statement of Mrs. Shao follows:)
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To: The U.S. House of Representatives
Committee on Science, Space, and Technalogy
Subcommittee on Science, Research, and Technology

Statement prepared by: Dorothy J. Shao
Executive Editor of Science
Silver, Burdett & Ginn Inc.
Morristown, New Jersey 07960

THE SCIENCE CONNECTION
A project funded by the National Science Foundation and produced by Silver,
Burdett & Ginn Inc. and the Houston Museum of Natural Science.

Praject Goals

THE SCIENCE CONNECTION is a three-part supplementary science curriculum
{Grades 1-6) with the following goals:

1: To create an interesting student-oriented narrative reader that
supplements and expands the science textbook while appealing to the
“reading-based” elementary teacher. This component is called The Science
Diecovery Reader.

2. To design a series of related interactive bands-on activities packaged in
the most nonthreatening and facilitating way possible. This component is
call The Science Skoebax Kit.

3: To extend this science curriculum into other content areas and into the
community through stimulating activities and projects, each one packaged
to appeal to the non-science- oriented student and teacher. These
activities are called The Interdisciplinary Connection.

Cumulative Goal; To produce a state-of-the-art science curriculum supplement that
will give the “science-shy" elementary school teacher innovative materials to extend
science teaching beyond the textbook.

Project Scope

Each component of THE SCIENCE CONNECTION has its own interactive
approach and strengths and can be used independently of the other two
components.

In The Science Disccvery Reader, concepta are introduced within the context of
student experiences, rather than being presented as definitions to be memorized.
The informal narratives show science concepts as they are applied and are fun for
students to read. Critical thinking questions that nek students to apply thuir
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hawkdp(thaabynhowingmmdaﬂnﬁngdthmpmbeingmwhnm
interwoven regularly throughout the narrative text. Stories are carefully composed,
considering student reading levels and page-layout guidelines for readers at each
grads level, The Science Discovery Reader depicts students, and eccasionally
teachers, utilizing the inquiry approach in problem solving. Student characters
serve as role models for the veaders. Lesson notes in the Teacher Edition contain
mc&mlinformaﬁmuhdptemmﬂleirrdunhdﬁmmm An audio tape
tbathmaﬁmuchmhalmmﬁdedwithmwemmscweqﬁecder.

The Science Shoebox Kits provide teachers with plans and appropriate
manipulatives for self-contained, hands-on activities, packaped in shoeboxes or
equivalent sontainers, These kits will make "doing science” convenient and will
fecilitate individualization. Each Science Shoebox contains objectives, instructions,
a materinls list, manipulatives, and student activity sheets. An introductory
section for teachers provides suggestions for effectively using each Science Shoebox.
The Shoebox activities coordinate with the plot and action of stories in The Science
Discovery Reader.

The Interdisciplinary Connection relates the concepta developed in the texthook x
series and in The Science Discovery Reader to ather school disciplines and to the

studenta’ out-of-school envizonment. This component provides the following

interdiscipli .

1. The Mathematics Connection (mathematics act vities keyed to ot
grade level and designed to involve quantification of

concepts);

The Sucial Studies Connection (social studies activities
involving geography, history, and societal roles);

The Language Arts Connection (langusage arts activities
including grammatical constructions and writing skills);

The Fine Arts Connection (fine arts activities relating

acience concepts to art and music); and

The Comn: unity Connection (multidiaciplinary activities
involving science in the community). A videotape accompanies
this Connection.

I VI

THE SCIKNCE CONNECTION is an interdisciplinary program. The narrative in
The Science Discovery Reader is formatted like a reading activity. Its discussion
questions are alac langunge arts activities. The Interdisciplinary Connection
provides mathematics, social studies, five arts, language arts, and community
activities that correlate with each science unit. ‘These interdisciplinary activities
are developed at the appropriate academic level. Teachers are encouraged to use
the science-related activities to provide a more cohesive academic experience for
students. The Science Shoebox Kits focus on the process skills that are components
of any problem solving curriculum.
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' Project Impact

THE SCIENCE CONNECTION is designed to change the way teachers and
students viow the experience of learning acience. In maay instances, teachers who
can verbalize science principles in classroom presentations have difficulty using
those principles to explain cheervable phenomena. THE SCIENCE CONNECTION
provides a nsrrative that shows science concepts and application activitiea in which
students use concepta to explain depicted or deacribed events. This curriculum,
with an accompanying answer key, can enhance an elementary teacher's ability to
guide an application- level scisnce lesson,

THE SCIENCE CONNECTION will be packaged and marketed by Silver Burdett &
' Ginn ss a supplementary curriculum peoduct, separate from our basal science
texthook program. THE SCIENCE CONNECTION does not have the science
content component that will allow it to veplace the textbook, but it can be used by
teachers with other textbooks or with othvr forms of science reference material. A
high correlation among scope and sequences of content exists across the basal
elementary ecience textbook programs that are available for purchase. Teachers
can essily croes-reference THE SCIENCE CONNECTION with their specific state
or district science objectives and with all textbook programs.

Distribution and Inservice Training of THE SCIENCE CONNECTION

Silver Burdett & Ginn has be .. .stremsY; successihl in the elementary science

market. Our current basal elementary program ia one of the best-selling programs
in the country. Within the last two years, the program was adopted by over 80% of
schools in West Virginia, over 70% in Florida, and over 80% in Indiana, We have a
proven reputation as a Jeader and promoter of quality science education matenals.

Silver Burdett & Ginn brings to this project our expenence in developing and
marketing educational materials for the elementary market. We are working
closely with The Houston Museum of Natural Science to produce a marketable
supplementary science program that is directly correlated to most, if not all,
slamentary science programs. The sales force, consisting of over 150 sales
representatives and consultants, will present THE SCIENCE CONNECTION
program along with the our basal elementary program to every state in the country.

One propneal under consideration is to provide a sample of THE SCIENCE
CONNECTION program when schools purchasz the basal alementary science
program. When & basal program text is purchased, a standard practice is to provide
each teacher with a Teacher Edition and a set of Teacher Resource materials for
every class sot of pupil books. The Teacher Resource materials provide additional
activities, ideas, and worksheets to helip teachers customize the teaching of science
to meet individual student needs. These Teacher Resource materials would include
a gratis copy of The Interdiscipiinary Connection compenent of THE SCIENCE
CONNECTION. In this manner, a "slice” of THE SCIENCE CONNECTION
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program would be received by every user of our basal elementary science program.

A sample package of THE SCIENCE CONNECTION will also be developed to
distribute to interested customers. Bruchures, such as the one attached, journal
ads, and commercial workshope at professional science education meetings are
other ways that will be used to promote the program.

THE BCIENCE CONNECTION project has been developed to have the broadest
appeal to the non-science-trained elementary achool teacher. Since the majority of
elementary achool teachers emphasize the teaching of reading, the use of a science-
basged reader will raise the comfort level of teachers and minimize any concerns
they may have ahout the lack of inservice training.

At present, ninety teachers are field-testing the fifth-grade materials. The
materinls are explained to the teacher, and should it be ceeded, further clarification
can be obtained by calling the fleld-test site coordinator. The teachers are free to
use the materials as they see fit.

i reaponse showa that teachers have used the materials in & variety of
classroom settings with little or no inservice. They report that the materials do
indeed work with atudents and are easy to use and understand. Similar field tests
will be conducted for all grades, 1-6.

The results of the field teats will be used to revise the materials to make them even
more appealing and usable by teachers and students.

The terms of the NSF grant allow for setting aside a portion of profits for inservice
training. This fund will be managed by Silver Burdett & Ginn. With the approval
of NSF, the company will add its own monies to broaden and enhance the inservice

program,
The more successful the program, the more funds available for inservice training.

In summary, we anticipate ne unusual problems in promoting and distributing the
program. In fact, because of the insarvice funds geperated by sales of the program,
we expect that THE SCIENCE CONNECTION will be even more widely used than
most programs of this nature.

Reports of the poor performance of United States students in math and science have
been widely publicived. We applsud the National Science Foundation for
sponsoring this grant, without which programs such as THE SCIENCE
CONNECTION, could not be developed. By providing seed money for tive research
and development of the programs and by building in provisions for the funding of
inservice programs, NSF has created incentives to the business community for
developing, promoting, snd improving the teaching of science in this country.



Biographical Sketch of Dorothy J. Shao

Mrs. Shao is the Executive Editor of Science at Silver, Burdett & Ginn Inc., a
subsidiary of Simon & Schuster Inc. Prior to joining the company five years ago,
she worked in the development of science texts at Halt, Rinchart & Winston Inc.
She was a middle school sciance teacher for four years before entering the field of

MmShmMmEdM.deme&mHmrdUniversitymdaB.S.
from Cornell University. She resides in Chatham, New Jersey, with her husband,
Willism, and two children, Julia and Andrew.

Mrs. Shao is responsible for the development of all science ~poduct, kindergarten
through junior high school from the idea stage through bound book. Silver, Burdett
& Ginn Inc. currently publishes a highly successful elementary science program
and two junior high programs.
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Mr. WaLGreN. Thank you, Mrs. Shao.
We will go on then with Mr. Malone and Mr. Loeppke as well.

STATEMENT OF RONALD R. MALONE, PRESIDENT, KENDALL/
HUNT PUBLISHING CO. DUBUQUE, IA; ACCOMPANIED BY
LARRY D. LOEPPKE, ASSISTANT VICE PRESIDENT, ELEMENTA-
RY/HIGH SCHOOL DIVISION, KENDALL/HUNT PUBLISHING CO.

Mr. LoerPxr. Mr.Chairman,Mr.Malonehasmquestedthatl
mnkathesemmmentstomemmmitteeastheperminchmgeof
the Elementary/High School Division of the company. '

Mr: Tomran Thask you for the

A or opportunity to spe. . to you
about Kendall/Hunt lishing Company’s efforts to seli and im-
plement science education materials developed with National Sci-
ence Foundation support.

I am ing to focus my comments on our experience with the
new lugoschool chemistry textbook, ChemCom, devalo by the
American Chemical Society with NSF support and publi by
Kendall/Hunt in January 1988.

You should also know, however, that Kendall/Hunt is the ub-
lisher for several other textbnoks which have their origi in NSF
t'f:;lnding or are currently being funded by NSF in their velopmen-

stages.

Two proi-cts of relevance to this discussion are the science, tech-
nology, #ad socle:f curricula being written for elementary school
and middle bytheBSCSinColoradoSprinf&These two
gnlifects,whichweexpectbohaveonmemarketin 991 and 1993,
m% a market environment similar to the one that ChemCom

y.

Althoughlamgoingtomenﬁonsomebarrierstopmductimpl&
mentaﬁon,wemexcibedaboutthemarket’sresponseto(thm
Comsofar.Wecaethesicnsofposiﬁvechangeinscieneeeduca-
tion, and I would refer you to the article which pears in the cur-
rent March/April issue of Science Books and the review
journaloftheAmeﬁmAmociaﬁonfortheAdvancementofSci-
ence, if you are interested in some of our ideas on that further.

The iers to implementation of a new curriculum like Chem-
Com fall into two general categories: structural, which has to do
with the basic organizational structure of the curriculum in our
high schools, and procedural, which has to do with the pedagogical
method and style modeled for and used by teachers, the tests used
fo measure academic success, and the way in which colleges are
training new teachers.

From a structural point of view, high schools do not have a ready
made curriculum home for a course such as ChemCom. While
ChemCom'’s target audience is the 90 percent of the student
tionnotcommittedtoammerinscience,currenthighschool
chemirtry courses are, by and large, mgv\n:nmtional in nature; that
is, they are intended to prepare st nts for a college chemistry
oonme,wiﬁchisthenintendedtopreparestudenmforacareer inm
science-related field.

Where ChemCom is being succesafull im;la.‘lemented, a new
course in the curriculum has been t‘:reatedy which does not replace,

ty
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b « is an alternative to, the traditional m:grvew)cat;ional chemistry.
- T typically requires that the entire ool district administra-
ti.n be involved in the decision to teach ChemCom, and as a result,
;“\Legydiﬂ'erentmarkeﬁngstmteﬂismquimdonthepm'tofthe
lisher.

After one year on the market, I am happy to report to you that
mom_thanﬁt:g) school dmmtahfemn}e _Cogegnd &crﬁfore
experimen in some way wi c in their curriculum
design. This & not only a result of Kendall/Hunt's sales and mar-
keting efforts but also a direct result of the five-year writing and
field wﬁ process coordinated by the American Chemical Society
and funded by NSF.

I would mention parenthetically that current NSF funding of the
two BSCS projects mentioned iously is for only three years. In
order to keep within NSF bu guidelines, BS(g found it neces-
sary to cut back on the length and number of field tests that were
ongmall)i planned, and this is unfortunate, since both BSCS and
el;d?:idall Hunt believe this will compromise the product in the first

on.

Also from a structural point of view—back to ChemCom—state
curriculum guidelines are built on the current prevocationai sci-
ence education model. If a state ados:'on committee adheres close-
ly to its guidelines, any science that places an emphasis
on teaching science in a personally and socmli y relevant context
will be seen as deficient in content. There is only so much time and
space in a year-long chemistry course in high school. In fact, the
better the evaluation instrument used—take Virginia's, for exam-
ple—the more of a barrier to the :mplementation of new science
curriculum it is simply because it uates the new science mate-
rial against the old science curriculum.

It is quite clear that in order to provide a relevant context,
whichlenmingmmhshmisthekeytolong-tennmemory,
some hard choices have to be made about what science facts not to
teach. The authors of ChemCom have done this job admirably.

I think most of us would agree that all of our interests would be
better served by citizens taking into the voting booth an under-
standing of i in the environment rather than the remem-
brance of who first rized atomic structure.

Now, from a procedural point of view, new science curricula like
ChemCom requires a ical style with which the majority of
teachers are not comfortable. With ChemCom, and most other Ken-
dall/Hunt science materials, teachers are asked to be facilitators of
student inquiry rather than purveyors of truth. A teacher must be
able to operate in this kind of cooperative learning environment al-
ready or else be taught how to do so.

In response to this challenge, Kendall/Hunt has fostered a net-
work of time consultants drawn from those people who origi-
nally helped write and test ChemCom, ac well as from teachers
who have %cen trained in two-week summer workshops funded by
NSF and conducted by the American Chemical Society.

As schools request ChemCum presentations and teacher training
from Kendall/Hunt, we fill these requests using this ever-growing
network of parttime consultants. In the last r, 1,746 teachers
and administrators have attended a Xendall/Hunt-sponsored
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ChemCom event, ranging from brief presentations to two-week
training sessions in university and school district settings, and this
number does not include those that have gone through the NSF-
funded and ACS run workshops that they have been doing.

Additionally, what teachers teach in the United States and,
therefore, what publishers put in textbooks has become increasing-
x driven by standardized achievement tests. The anticipated stu-

nt outcomes from the successful completion of a ChemCom
course are not the same as a traditional chemistry course.

As a result, the ACS is now funding the development of an
achievement test which appropriately measures student achieve-
ment in 8 ChemCom course. This same test development piece
must accompany any curriculum development project which at-
tempts to move in this new direction for science education.

In concluding, I would like to say that at Kendall/Hunt we be-
lieve the curriculum development and implementation model pio-
neered with ChemCom is the best possible route to an improved
school curriculum with correspondin;;ly improved support materi-
als. ChemCom has been produced and is being implemented with
the combined and coordinated resources of three parties: the Na-
tional Science Foundation, the Ame'-ican Chemical Society, and the
Yendall/Hunt Publishing Compan

The individual best interests ofthese three parties—the first, to
foster the best possible science education for the citizenry of the
United States; the second, to promote chemical education and the
development of a labor pool of capable chemists; and the third, to
produce and sell and implement to as much of the market as possi-
ble a profitable educational product—have been combined to yield
some very exciting educational change.

Thank you for the time that you have allowed for us to appear
before the committee, and I would welcome any of your questions.

{The complete prepared statement of Mr. Loeppke follows:]
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COMMENTS TO THE U.S. HOUSE OF REPRESENTATIVES
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY
SUBCOMNITTEE ON SCIENCE, RESEARCH AND TECHNOLOGY

larry D. Loeppke
Assistant Vice President
Elementary-High School Division
Kendall/Hunt Publishing Company

Chairman Walgren, Congressman Boehlert, and Members of the
Subcommittee on Science, Research, and Technology, thank you for
the opportunity to speak to you about Kendall/Hunt Publishing
Company's efforts to sell science education materials developed
with National Scisnce Foundation support.

I will focus my comments on our experience with the new high
school chenmistry textbook, ChemCom, develoved by the American
Chemical Society with NSF support and published by Kendall/Hunt
in January, 1968. You should also Xnow, however, that
Kendall/Hunt is the publisher for several other textbooks which
have their origins in NSF funding or are currently being funded
by NSF in their developmental stages. TIwo projects cf relevance

to this discussion are the science, technology, and society
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curricula being written for elemantary school and middle school
by the BSCS (Biological Sciences Curriculum study) in Co.orado
Springs. These two projects, which we expect ‘o have on the
market in 1991 and 1993, will face a market environmsnt similar
to the one that ChemCom does today. .

Although I am going to mention some barriers to product
izplementation, we are excited about the market's response to
ChemCom 80 far. We see the signs of positive ckange in science
education, and I would rafer you to the article which appears in
the current March/April issue of SCIENCE BOOKS AND FIINS, the
magazine of the American Acadezy for the Advancement of Science,
if you are interested in some of our ideas oa that,

The barriers to lmplementation of a new curri ;ulum like
ChemCom fall iato two genaeral categories: structural (which has
to do with the basic organizational structure of tha curriculum
in our high schools) and procedural {which has to do with the
pedagegical method and style modeled for and used by teachers,
the tests used to measure academic Success, and the way in which
colleges are training new teachers).

From a structural point of view, high schools do not have a
ready-made "curriculum home® for a course such as ChemCom. While
ChemCon's target audience is the ninety percent of the student
population not coomitted to a career in science, current high-

school chemistry courses are "pre-vocational® in nature. That
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i@, thay are intended to prepare students for a college chemistry
course which is then intended to prepare students for a career in
a science related field.

Where ChemCom is being successfully inplemented, a new
course in the curriculum has been created which does not replacs,
but is an alternative to, the traditional pre-vocational
chemistry. This typlcally requires that thae entire school
district administration be involved in the decision to teach
ChamCom. As 2 result, a different marketing strategy iz reguired
on the part of the publisher.

After one year on the market, I am happy to report to you
that more than 400 school districts are using ChemCom and
therefore experimenting in some way with this change in their
curriculum design. This is not only a result of Xendall/Hunt's
sales and marketing efforts, but also a direct result of the
tive-yesar writing and field testing process coordinated by .>e
Amarican Chemical Society and funded by NSF.

I would mention parenthetically that current NSF funding of

the two BSCS projects mentioned above is for only three years.
In order to keep within NSF budget guidelines, BSCS found it
necessary to cut back on the length and mmber of fiald teats
originally planned. This is unfortunate since both BSCS and
Xendall/Hunt believe this will compromise ths product in its
first edition.
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Also from a structural point of view, state curriculum
guidelines are built on the current pre-vocaticnal science
education modal, If a state adoption comaittes adheras closely
to their guidelines, any science textbook that places an emphasis
on teaching science in a personally and socially relevant context
will ba seen as deficient in content--there is only so much time
and apace in a year long chemistry coursal In fact, the “better"
the evalustion instrument used (take Virginia‘s, for example),
the mora of a barrier to the implementation of new scienre
curriculum it is simply because it evaluates ths new sciance
material against the old science curriculum.

It ie quite clear that in order to provide a relevant
context (which learning research shows is the key to long term
mezory), some hard choices have to be made about what science
facts fiot to teach. The authors of ChemCom have done this job
admirably. I think most of us would agrase that all of our
interests would be better served by citizens taking into the
voting booth an understanding of chemistry in the environmeant
rather than the remembrance of who first theorized atomic
styructure.

Now from a procedural point of view, new science curricula
1ike ChemCom requiras a pedagogical style with which the wajority
of teachers are not comfortable. With ChemCom, and most other
Kendall/Hunt science materials, teachers are askad to be
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facilitators of student ingquiry rather than purveyors of truth.
A teacher must be able to operate in this kind of cooperative
learning anvironment already--or slss be taught how to do so.

In response to this challenge, Kendall/Hunt has fostered a
network of parttima consultants drawn froa those people wWho
originally helped write and test ChamCom, as well as teachers who
have been trained in two-wesk summar workshops funded by NSF and
conducted by the American Chemical Society. As echools request
ChesCom presentations and teacher training from Kendall/Hunt, we
£111 thase requests using this ever-growing network of parttice
consultants. In tha last year, 1,746 teachers and administrators
have attanded a Kendall/Hunt sponsored ChemCom event ranging fron
brief presantations to two-weak training sessions in university
and school district settings.

Additionally, what teachers teach in the United States and,
therefora, what publishers put in textbooks has become
increasingly driven by standardized achievewent tests. The
anticipated student outcomes fxom the successful completion of a
ChemCom Course are not the same as a traditional chemistry
course. AS a result, the ACS is nov funding the development of
an achicvement test which appropriately measures student
achievement in a CheaCom course. This same "test-development®
plece must accompany any curriculum developsent project which
attempts to moves in this new direction for science education.
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In concluding, I would like to say that at Kendall/Runt wa
beliave the curriculum development and implazentation model
plonsered with ChewCom is the best possible routa to an improved
school curriculum with correspondingly improved support
materials. ChemCom has been produced and is being implemented
with the coubined and coordinated reascurces of thrse parties:
the National Science Foundation, the American Chemical Society,
and Ksndall/Hunt Publishing Company.

The individual bast interests of these thres partiss-~the
first, to fostsr the best possible science education for the
citizenry of the United States; the sacond, to promots chemical
education and the develapment of labor pool of capable chemists:
and the third, to produca and sell to as much of the marksat as
poasible a profitable educational product--have beesn combined to
vield some axciting sducational change.

I thank you for the time you have allowed for us to appear

before this comittee and wonld welcome your questions.
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tarry D. Losppke worked for the Institute or Cultural
Affairs from 1973 to 1977 in educational and workshop sattings in
the United States, Canada, Konya, Nigeria, Hong Kong, and the
Phillipine Islands. Since 1977 he nas worked with Xendall/Runt
Publishing Company first in the company's College Division as an
Associata Editor and Nanaging Editor, theh as National Field
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high school textbook markets. .
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Mr. WarLcgeN. Thank you ve:hyemuch for that testimony.

One common thread among several of you is this importance
of inservice training and teacher work with the materials so that
they can be used to best advantage and successfully in the class-

room.
Can you tell me a little bit about how we might strengthen the
presence of that in the ?
Now, NSF is working with that particular materials and appar-
g?ﬂy encouraged in m Silver, Burdeft si&n:tion some component
in-service training that was ired in system.
Could describe that a lim detail, Mrs. Shao?
Mrs. Saa0. One of the terms of the grant is that the
when it came from—in this case the Houston Museum of Natural
Science—the Houston Museum had to find a sponsoring publisher,
and in order for us to make a decision as a company as to whether
or not we would support such a proposal, one of the terms of the
grant is that we must set aside a proportion of the investment.
NSF contributes money, the p\ﬁﬁsher contributes a certain por-
tion of money. When this program is published and is sold, a per-
centage of profits is set aside that must be used exclusively for in-
service training, and according to what NSF has told us, since the
t of those inservice funds can be handled us as a
publi wedgdethisasare%ulareourse.lgfdealingwi ouéocus-
tomers, we provide inservice for purchases of our programs. So we
todothat,andnowwehaveanaddnl:;ionalmmeof
 NOF hog boen vary. oy e telling e hat: me
gram, an n very, very clear in ing us t we
would be able to control the money as long as we account to them
how much actually has been set amde for the funding.
So I think it is an excellent to promote tae teaching of sci-
erything that we have ever done in our discussion with the custom-
ers, in surveys, and so on, that is the greatest need, in-service

m.mmg&mm%whmmmmm

Mr. WaLaezn. Ms. Castor, could we be doing more with in-serv-
ice training from the national level? Is there something that per-
haps we should be thinking about through the NSF to provide
greater commitment in that area?

Ms. Castor. I don’t think there is any doubt about that. I think
many of the States, especially in our own State, we have committed
large sums of dollars to in-service training of teachers. But this is a

acquire necessary universi

courses that need to be certified.

math, i
MhmmmmWMMemmng
Mr. WaLGreN. Can that be done in the context of in-service, or is
that not a problem?
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As | understand in-service, you are pulling a teacher from his or
her paid period of time and—

Ms. Casros. Not necessarily. A great deal of that is done in the
summer in intensive summer wor: ps.

Mr. WALGREN. Is that a sufficient place for it, in the summer
workshops?

Ms. Caston. Well, it is a good place for it, but we need to direct
so much more attention to this entire area. It ought to be done in
the preservice program. It ought to be done during the course of
the school year, and it ought to be done in summer workshops, and
we are going ‘o need to use all of those strategies if we want to
become more successful in this area, which we do.

Mr. WaALGREN. Do you know how many of your teachers are
reached by NSF-sponsored summer workshops?

Ms. Castor. No, I am sorry. I can’t answer that.

Mr. WALGREN. Any idea of a ballpark figure at all?

Ms. Castor. No, I am sorry.

Mr. WALGREN. What role does the State textbook approval proc-
ess play in enabling these materials to get into the schools?

7asTOR. Well, in our State play a major role because
school districts must purchase the rity of their materials from
a State approved list. OQur statutory requirement is at least 50 per-
cent. However, the reality is that the school districts purchase be-
tween 85 and 90 percent of their teaching materials—of their text-
books from a State approved list.

So the State does have a major role.

Mr. WALGREN. How do these new materials break through that?
Are they brought through State approval processes without that
being a ier in your experience?

Ms. Castor. Well, because of the cost of new textbooks and new
materials, most States are on a five or six-year cycle where text-
books are reviewed at six-year intervals. So .here is, number one, a
problem with that.

Second, they can be offered at that time when the evaluation
comes up.

However, school districts still by and large have the flexibility to
deal directly with the purchaser, but it has been something that I
think more often than not, especially in the large States, has been
left to State textbook evaluation committees.

There is a problem with local districts not knowing about the
availability of what is out there as far as the development of new
materials.

Mr. WALGREN. Would all the school districts know about the
ChemCom course? Has that been brought to their attention some-
how by State level officials?

Mr. Lozprke. Not in States where the chemistry adoption is not
incycle.lnotherwords,thebookhasonlybeenoutforayear,and
various States have different cycles in which they will adopt chem-

%orinstance,inl“loridathem is not going to be much of the sci-
ence community, the educational community in science that knows
about it simply because it has not been a marketing priority for us
because it is not worth spending money there until the State has
on its list that it is going to adopt chemistry textbooks.

N
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Mr. WALGREN. I see,

The gentleman from California, Mr. Brown.

Mr. BrRowN. Nou questions.

Mr. WALGREN. Mr. Johnston from Florida.

Mr. JoHNSTON. Mr. Chairman, if I could just make a brief obser-
vation.

I was fortunate enough to be the President of the Florida Senate
when Ms. Castor was the President Pro Tem, the tirst woman to
ever hold that position and the first woman to ever hold a cabinet
position in the State of Florida, and a lot of the reforms that we
address today were initiated by her when she was in the State
Senate, and she is one of the top educators in the country and I am
very proud of her.

Castor. Thank you.

Mr. WaLGReN. Well, let me express my admiration. I wish we
had had that as ba und when we started this today. We would
have put you before Mr. Boyer. [Laughter.]

Mr. Skaggs. Thank you, Mr. Chairman.

I don't have any questions either, but just a personal comment
really directed toward Mrs. Shao, in that Silver, Burdett Company
put bread on the table at our home during the '50s and '60s while
my father was Art Director there over a long period of time. So I
have a great personal affinity for your company and hope you will
extend my greetings and that of my father to your colleagues back
in Morristown.

Mrs. Suao. Happy to do so.

Mr. WaALGrEN. Let me ask what it took to get your companies as
publishers involved in publishing and trying to distribute these
new kinds of materials.

Was the NSF the key to making that happen, or would this
happen without the NSF's involvement?

r. MaLoNEg. I will answer that, Mr. Chairman.

Mr. WaLcreN. Yes, Mr. Malone.

Mr. MaLoNE. We have a bit of a unique situation. We are a pri-
vately held com and have been a college texthook publisher
for some 45 years. We from many standf)oints wanted to be in-
volved in the elementary/high school publishing arena. So we en-
tered in with some advantages that in my perspective a publicl
held con.pany probably would not do. It allowed us to not just loo
at it as a commercial venture.

We are very proud that we have a true interest—as you have ex-
pressed and your colleagues have expressed, we have a true inter-
est in bettering education, and we believe it needs a strong push in
that K through 8 area.

I, too, have a daughter that is nine years old, «and I heard your
first witness this morning say that they had a poll or a survey and
the students said they liked math. My daughter—I am proud of
her, and she is a very bright young gal—she doesn’t like science.
The reason science is kind of fit in where it can be fit in. It is a
language art approach.

So to get back to the direct approach, we wanted to be involved
in better education. To that end, we could look long term. If I had
to make one assessment, whetner it is gour institution here in gov-
ernment or NSF or the publishing industry, it is much too short
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term thinking. Change takes a lon% time. Good curriculum takes a
m ime. Good materials take a long time, and people have not
ad that focus, in our opinion, especially in the elementary and
lug school area.
we chose to into that, recogni.ing what we do well. What
we don't do as well and should not be doing as well, and that is the
development of the content of the book or the curricula. There are
mlethathavefnrmore ise than us in that area. Thus, we
very hard to align ou ves, to bring our expertise in a cocp-
erative venture with someone of high expertise, such as the Ameri-
can Chemical Society, such as the Biological Sciences Curriculum
Study, and others as well.

And, quite frankly, we are involved in Ms. Castor's state in a dif-
ferent discipline, but very, very progressive state, where the state
developed their frameworks and curriculum and had mandates in
the fitness area, of which we Fimblish the best selling fitness book
for the high school area in Florida that followed the exact state
mandates. We wmed where the expertise was. We want to
publish for the n that have been developed and described, that
the experts say are those needs.

So our approach has been a bit different than perhaps others——

Mr. WALGREN. Let me understand a little bit more about how
NSF does this.

You are the publisher, but am I understanding that NSF essen-
tially for the development of the content through the
American ical Society o1 perhaps through the various re-
sources they can bring to bear? Are they the ones that are substan-
tially funding the development of the content at that point, or are
you as publi What is the share?

Mr.&AmMyanswerhothatwmﬂdbethat,no,NSFisnot
funding—or not doing the development. They are providing monies
for those people that I referred to, that have the expertise to write
the content within the parameters.

Mr. WALGREN. So they are paying for the writing of the content?

Mr. MALONE. They are prU\ﬂm monies for the development of

Mr. WALGREN. And thur far you as a company have not provided
monies to write the content t{,et, and then I guess my q. »stion is if
they gy for the writing of the content, how is it worked out what
they have a right to ask for that?

iously, there is a social contribution being made to a private

enti%. .
nidtheyaskbackfromyouatthatpointaﬁertheypaid

for the conient?

Mrs. SHAO. I can answer some of these questions, Mr. Chairman.

The NSF is paying for the writing of the content. Our role in this
narticular project, Science Connection, is to advise the Houston
{.useum, and they are very much an educational institution them-
selves. They have experts that understand children and the teach-
ingofscienee,anditisourmletoadviaethemtomakesumthat
whatever they develop is going to be marketable and accepted by
students and teachers. Qur role is to publish this.

NSF has ted the Houston Museum of Natural Science the
gum of—I believe it is $1.6 million to write the content, and Silver,
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Burdett and Ginn in turn is contributing $2.2 million to publish all
of these materials. :

Mr. WALGREN. You said that the terms of the NSF grant allowed
for the setting aside for in-service monies.

Did it require the setting aside?

Mrs. Snao. It requires it, yes. That is a requirement of the grant.

Mr. WarLoren. How much? What is the mporﬁon?

Mrs. Suao. The wording of the grant been vague, and we
have been advised about how best to handle that, ard a contract is
being developed whereby the Houston Museum of Natural Science,
Silver, Burdett and Ginn, and the National Science Foundation
will be the signers of this contract, and we are recommending that
a portion of profits—we have for most otber products—product
lines that we have—we set aside a portion f the royalties for that,
are set aside and go to authors to reimbt se for their role on the
project.

In a sense, a percertage of profits like off the royalties will be set
aside for in-service. It will probably be equivalent to what authors
normagy make on a project.

Mr. WaLggeN. I would like to recognize the gentleman from Vir-
ginia for any questions.

Mr. S.aucHTER. No questions.

Mr. WaLGREN. And we have been joined by the gentleman from
lIowa, Mr. Nagle. ,

Mr. NaGcix. No $lestions, Mr. Chairman.

Mr. WaLGreN. Well, I find it a fascinating area. Let me ask one
other question, and I apologize to my colleagues.

Any thoughts on the role of television in the teaching of science
at this point in your school systems?

We are of split minds in some Some of us are very enam-
ored of the power of television and ability to replicate and that sort
of thing. On the other hand, there is a certain passivity that some
people feel is inherent in television that may work against what we
are trying to do.

Any comments on TV as you see it in your school systems?

Ms. CasTor. Well, we have in our state a large system of educa-
tional TV. I {. ink it has to be used as a supplemental tool in the
teaching of science and math.

We are also developing a satellite network, which I think holds
great promise for the delivery of science and math lessons as well.

Mr. WALGREN. So you are pretty serious about it if you are devel-
oping a satellite network?

Ms. CasTor. Absolutely.

Mr, WALGrReN. What kinds of things would be supplemented?
t_;;n.?When you say you use it as a supplement, what do you look to it

Ms. CasTor. Wel!, some basic lessons can certainly be delivered
over instructional TV or through our now of using the sat-
ellite network. Then teachers in the classroom have to take that
basic lesson that has been delivered and work with it in a hands-on
situation with the students.
e\rﬁn yawm How are we going to develop materials for the tel-
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Ms., CasTor. Well, that is the difficulty. That is the problem, We
g:;’t have anyone today working on the development of lessons in

area.

Mr. WaLGreN. We would like to ask you some questions in writ-
ing, if we could, afterwards, and we want to express our apprecia-
tion to all for coming and being here today.

Ms.(g:ol'l‘hankm

Mr. WALGREN. So thank you very much.

Let me call the next panel—Dr. Jerry Bell, the Department of
Chemistry, from Simmons College; Marjorie Bardeen, Program
Director for Friends of Fermilab; and Dr. Paul Saltman, Depart-
ment of Biology, University of California—San Diego.

Welcome to our process, folks, and we are glad you are here.
Let me invite to give your testimony in the order in which I
just went down line, and so let's start with Dr. Bell.

STATEMENT OF DR. JERRY A. BELL, PROFESSOR OF CHEMISTRY,
DEPARTMENT OF CHEMISTRY, SIMMONS COLLEGE, BOSTON, MA

Dr. Bxir. Mr. Chairman, members of the subcommittee, besides
my role as Professor of Chemistry, I also gsince 1986 have held the
Directorship of the Institute for Chemical Education, which is at
the University of Wisconsin.

The Institute was established in 1983, with the aim of revitaliz-
i%‘the teaching of chemistry at all educational levels, and since
1984 we have been fortunate to receive about $5 million in funding
from the National Science Foundation.

1 am pleased to have this opportunity to present my views on the
vital leadership role that NSF must play to continue to reverse the
dismal situation we have already heard about.

Mr. Chairman and members of the subcommittee and staff know
that I had the privilege of serving as Director of the NSF Division
O T B etiontho. sateres, fhat you, M. Wl ““ﬁgn“ ‘,

wi 8 iation in t you, Mr.
and your colleagues have espressed in science education at F.
Without the help of this suﬂ;bgnmmxt&e d::td &e Congressional com-
mittees on appropriation, NSF science, engineering
and mathematics education would still be very small.

I have not yet been able to understand why the Administration
is not forthcoming in asking for funds to provide the vital federal
};hemhog role at a level commensurate with the task that faces

na .

In '81-'82, the Directorate for Science Education was zeroed out.
In 1988, the Congress directed NSF to reestablish the science edu-
cation activities and uip_x-wxded funds. The Foundation dragged its
foet, both in terms putting a staff together and in using the
funds Apgropnsxed ?B(ll;mgress ) ]

When | came to in 1984, I was quickly engaged in budget
MMMMAtMﬁmnmmmmind i
the i Science Board Precollege Commission Report, call
on NSF to quickly reestablish its unique role in science and mathe-
matics education.

The NSB report called for an investment of $175 million for pre-
collegupmgmm&lnsﬁeadofheedingaclearcallﬁomthisPresi—
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dentially appointed body which oversees the Foundation, the Ad-
ministration asked for a deferral of $31.5 million.

Since 1985, the Administration’s requests for science education
funding lhmane display.«d a dismal lack of leadership and abdication

of clearly stated statutory responsibility.
In 19&. the enacted a five-year authorization bill that
would double the NSF budget, and the ident signed it into law,

yet the fiscal 1990 NSF request for the Science Education Director-
ate is only $190 million, considerably below that which Congress
authorized and the President signed into law.

I arn wondering whether mathematical illiteracy has reached its
highest pinnacle. My mathematics indicates that at the rate of in-
crease now suggested we will fall well short of doubling the SEE

et in five years.
is an Irresponsible budget action that will not help the
nation solve its lems.

I want to hasten to point out one thing. These remarks are di-
rected to the top management of the Foundativn, the policies
which the Director developsr with OMB. I have the highest admira-
tion for my colleagues, overworked and underfunded, in the Direc-
torate for Science and Engineering Education.

I continue to hear about the large number of high quality propos-
als that SEE receives, both in precollege and undergraduate areas,
which they cannot support because of insufficient funds.

I continue to hear about the very small SEE staff and about
their efforts to get the job done.

Those were normal condi‘ions when 1 was at the NSF, when the
directorate was being reestablished. I am surprised to see that the
size of the stafl has not increased to match the added fiscal and
programmatic responsibilities which SEE has been given by you.

I urge you, Mr. Chairman, and your colleagues to examine and
remedy this situation very quic:k.li;.e

I know I have been invited here today to speak particularly
about NSF-funded precollege teacher enhancement projects I have
been engaged in, and I shall do so. However, the entire education
enterprise from advanced graduate stud{ on rl:;s)x through the pri-
marlv gmdes is interconnected, and its leadership at the federal
level should be interrelated.

As an example, I understand thai the Administration proposes
that the Presidential Scholars Program announced by President
Bush be housed in the Department of Education. That is a mistake.

I understand that your version of this program, Mr. Walgren,

uts this program where it belongs, at the National Science Foun-
on.

One of my frustrations in working at the Foundation a few years
ago was our inability, due to the lack of funding, to develop a com-

nsive set of programs that would provide incentives for all
of the educational system to “elp solve our problems.

The growth of the science education budget, for which you should
take ofgreat credit, has enabled SEE to begin developing a broader
set of programs. Yet a great deal remains to be done, especially in
the area of undergraduate programs, where the initial promise has
been frustrated by NSF management decisions that I believe must
be changed. I will return to that in 8 moment.
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As far as the precollege teacher programs are concerned, I don't
have to rehearse for :ou the statistics you have already heard
aboudm t the shortage of qualified teachers or under-prepared stu-

ta.

NSF has a role. Has the nation the will to do anything about the
disastrous situation you have heard about?

In the town I come from we apmfe&onalbmballplacjt:r
more in one year than any T earns in a lifetime or a -

earns in a lifetime of service. Where is the leadership
t can help turn this around? [Laughter.]

In science and mathematics education leadership must come
from the National Science Foundation.

For about a dozen in the putnik era NSF funded a
substantial program o¥ summer and academic year institutes we all
know about. Approximately, $600 million was spent on these insti-
tutes, and by some estimates about 50 percent of all eligible teach-
ers participated.

It was a time of t ferment. New curricula, new teaching
methods were tried. morale—and that is the important point—
the morale amoxoteachers was very high. There was a sense that
someone cared ut what they were doing end wanted to help
them do it the best possible way.

That someone was the National Science Foundation, exerting its
leadership, not dragging its feet.

When NSF fun waned and academic budgets got tight, the
institutes disap, . With the establishment of S 3&111 six
years ago, there came an opportunity to recapture this vitality that
msoappamntduringtheold institute period and so missing by

However, the new are not simply a rehashing of the
goodonays.TheolJinsﬁwtesmmmp/ own operations. Teach-
er snhancement p;ﬁjects by contrast are partnerships among teach-
% colleagues at all levels. Appropriate precollege teachers are in-
ved in all of the mmw

For example, the Assistant Di r of the Institute for Chemical
Education is a high school teacher.

A further change from the past is the emphasis on follow-up ac-
tivities for and by teacher icipants in teacher enhancement
projects. The objective is to r networking among teachers and
to encourage teachers to share what they have learned with other

The teachers teaching teachers model is at the center of the NSF

m for exerting leadership and multiplying the effect of its

i funds. Such activities were unknown in the old NSF insti-

tute projects.

Do these strategies work?

1 listen to a lot of teachers say morale is inc: >asing and, based

upon ideas from teacher enhancement projects, teachers are recon-

R

exam ’ ve
in our Institute for Chemical Education two and six-week work-
Follow-up evaluaiions show that satisfaction with workshops

their content increases after teachers leave and start to use

the material they gained.

104



99

Statistically, our average participant carries out the equivalent
of a full day workshop for eight to ten other teachers each year.
Anecdotally, we know of lots of more sustained activity.

The Woodrow Wilson National Fellowship Foundation has since
1982 administered a series of four-week summer institutes for high
school chemistry, mathematics, and physics teachers, which I
happen to know something about. To date, about 650 teachers have
participated in these wor ps, some of whom are in this room.

Since 1984, four-member teams of participants from these work-
shops have given a series of one-week mini-institutes at several
sites around the country. Through last summer 138 of these mini-
institutes have been given, with a total enrollment of almost 3,700
toﬁgchers. For this coming summer 83 of the mini-institutes will be
offered.

One outstanding teacher from this program says it kept him in

ing when he was considering become a full-t:lp::e General Elec-
tric repairman. He and his high school students now work with ele-
mentary teachers and do more than 100 elementary school science

each year in his school district.

mher enhancement projects are bearing fruit in a large
number of ways. It is too early, however, to assess the effects of
teacher enhancement projects on student performance, but it is
clear tha the more excited and active the teacher, the better the
students nd. Within the next five years we will begin to see
the effects of NSF leadership on student performance at all levels.
It is a long-term process.

We are not out of the woods yet by any manner or mean until
some fundamental changes in the nation’s prioritic;s occur and edu-

The 1983 NSB
ture of §175 million to provide this leadership. An authorization
and agﬂpmpriation of tLat kind of money teday would be just in the
nick of time. NSF SFE has a well-formulated plan for allocating

is amrunt among its

Mr, Chairman and memm of the subcommittee, I urge you to
examine the SEE plan carefully and continue the course you have
taken in the past few years toward getting our priorities in order.

At the undergraduate level, urdergraduate science, mathematics,
and gl;ﬁmeering education has been largely overlooked in the edu-
cational pipeline for the technological workforce in the U.S. despite
its central position in the pipeline,

Further, it plays the most important role in the preparation of
the country’s future leaders. We have heard about some of those
this morning, not only as scientists, but as lawyers, business
people, and, yes, the politicians that we heard from.

ere have been several recent national reports about under-
graduate education as a whole. These reports have raised a nurber

~emaining couple of minutes, I have two to urge
you to elevate undergraduate education to a coequal level of con-
cern and importance with your appropriate level for precoliege
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education at the National Science Foundation and to urge an ap-
ﬁd&, consolidation within the National Science Foundation of
Instructional

Whathappemgftg Mdenhlpmw' i te education?

in un ua ucation
When you appropri reestablished the di te in 1983,
there was an t. graduate , or graduate educa-

tion activity had never been eliminated in 1 1, and you put back
precollege activities, but not undergraduate activities because there
was no great blicouwr{mastherehadbeenatﬂwgﬁcollege
level. The t is that we have a pipeline with a gmg e.

Two years ago there were definite signs that SF was going {o
make & major positive move to reassert its leadership and concern
:or the health of unde(l}mduate education much as it had earlier.
o e epoes on Undorgraduste Selence, Engineer

repor on e ua ence, eer-

and Mathematics Education, that called for major initiatives in

' and we were at first encouraged with all the rhetoric an-
NSF's plans for undergraduate education.

But closer analysis has turned the hope to disappointment and
finally to dismay.

The Neal report called for a strong central management unit
within SEE to develop and administer a comprehensive set of pro-
ga.ms. Initially, we saw such a unit established, the Division of

nde uate Science, Engineering and Mathematics Education
and a logical, reasonable beginning set of mma was promptly
and clearly announced. But now something gone wrong.

Inexplicably, the SEE undergraduate budget is not being signifi-
cantly increased, and the Foundation has announced that the ma-
mtw undergraduate effort will take place in the research direc-

These distributed programs are mostly a great mistake. Responsi-
bility for undemte programs distributed among the research
directorates is di and uneven. With all the good will in the
world—and this good will is not always apparent—the research di-
recwmtesmnotorganimdormﬂ'e&tosupport undergraduate in-
structional activities.

Not surprisingly, the major thrust in the distributed activities is
for the research, not the educational improvement or instructional
ﬁvelo&;l:‘ent called for by virtually all reports on undergraduate

ucation.

NSF needs a strong ~entral unit for undergraduate education
that is clearly visible anc has adequate resources for the job. SEE's
Division of uate Science, Enﬁeering. and Mathematics
Education is the obvious candidate for this leadership role.

Asingledivisionpmvidesafoctmed.respomivepointofeonm
for undergraduate activities of the Foundation.

Asingledivisionpmvidesaneﬂ'ective,uniﬁ@credible,andab—
tentive voice about undergraduate activities to others parts of NSF
ciA.singlediviﬁonpn:lv@dutbegﬁ_litynﬁlymhmdlebrodlydb

proposeals and interdisciplinary gopouls.
bave argued that it is difficult for N research directorates to

be effective in programs designed to help resolve the
pmblemsofundmu?teedmﬁm.&mﬂaﬂy,itwmﬁdbeanﬁ-
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ous mistake if NSF efforts to help resolve these problems were

in an organizational unit that had no ongoing relationship
and input from the scientific community with an active interest in
research.

the rgrad-
uate division and the research directorates along the lires that I
have outlined in my prepared statement.

Thete suggestions define for the Division of Undergraduate Edu-
cation a clear leadership role, the primary responsibility and the
authority for NSF programs in undergraduate education with a
secondary but vital responsibility vested in the research director-
ates,

The Neal re carefully considered a balanced set of programs,
That set is only Fanially implemented, and in addition, the com-
mitment to double the NSF budget has changed considerably the
assumptions in the Neal report that there was going to be no
growth in the Foundation.

Thus, conditions have changed somewhat, so that additional ef-
forts should be possible.

The most important programmatic response to the Neal report
should ba establishing programs which set u'{:l a reward structure
for faculty who do the most creative work in rthering undergrad-
uate: activities in the sciences.

The aim should be to attract good people who work in creative
and productiv: ways over the long term and in ways which will not
sap their creativity or their scientific currency.

At present these programs are woefully underfunded and, as my
written statement outlines, very unbalanced when compared to the
Neal report.

So far I have focused on internal NSF matters related to under-
graduate education. Of even greater importance is the manner in
which NSF efforts to improve undergraduate education are repre-
sented to the universities, colleges, associations, foundations, and
others to whom undergraduate education is a significant conce,n.

Some way must be found to ascure that undergraduate programs
receivs time and attention fiom faculty. The NSF leadership
role in the community is exerte.d tirough the pPrograms it develops
and the projects supported by chem. To make its leadership credi-
ble, it is crucial that the unit iesponsible for undergraduate educa-
tion programs at NSF be seen to have undergraduate education in
:t,:snce., engineering, mathematics as its dominant responsibility

priority.
The depih and longevity of problems experienced by undergradu-
ate education argues strongly that we need long-term, sustained
commitment to undergraduate education. Past actions of this sub-
cummiueeconmcemethatyou, too, recognize this need and are
willingtohelpprovideﬂlereaoumtomeetit.

t;ie‘!;ank you for this opportunity to bring these concerns to your

attention.

[The complete prepared statement of Dr. Bell follows:]
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iatredustign

Kr. Chairnan end seabera of ths Subcoanittes om Science, Russarcd, and
Tachnology, ay nesa i~ Jerry A. Bell. I s» Professor of Choalatry at
Simsone Collegm in Boston, Nasaschusetts and, since 19806, I hove also hald
n appointsent sa Visiting Professor at the Univerwity of Wisconsin-
Nadison vhere I serve as the Dirsctor of the Institute for Chenicel
Education. The Isatitute for Chemicel Educetion wvas estedlished 1in 1983 at
the University of Wisconsin with the ain of revitalizing tha teaching of
cheaiatsy st gl educational leveia. Since 1984 the Institute has recsived
granta froa the Nationsl Sciezce Foundation for tescher end othar srelated
Progresaing totsling sore than 8% piilien. The Institute continues to
develop progreas for precollege teschers end, thia vesr, grogress for
collagiate faculty.

I an plessad to Dave this apportunity to presant sy views on the status of
scieace aducation {n the United States and on the all-isportant leadership
role that the Nstionel Science Foundation st continue to play to reveras
the tiamsl aituation we find curselves in.

Br. Cheirnan, as you end senbera of this Subcosaittes end ite ateff know, I
bed 29 privilege of serving as Director of the N3F Divisics of Teechwr
ion and Enhencesent fros 1984 to 1986. I racall with deap
appreciation the great interest that rou, Nr. Walgres, end your collesgues
expressed in NSF'e aducetion mission. I assure you that without the belp
of thia Subconsittes and that of the Congrasatonsl Cosmittaes on
Appropriaticns, the NSF budget for science, engineering, and sathemstics
aducation would atill de vary ssall. The sus of all the
dnsrassgn for the N5F Directorate for Sciesce and Eoginearing Education
8‘nce 1986 bas been only §54 aillion. The Netion is gratsful for the
foreaight of the Congress which has providad 9120 million in New
Obligationsl Authority to SEE in_sdditian to the pew furding vwiich the
Adninistration requested for Fiscel Year 1986.

¥ile et the Foundatium (and bafors and sincel, 1 could not underatand why
the Adminiatration wes not forthcoaing (n asking for fumda to provide the
vital federal saderedip role 19 seience sducetiaon et a level coamessurats
vith the taak which faces the Netics. I 1882 the Diractorate for Science
Education et FIF was zerced cut; the disestedliatnent waa incoaprahesaible
4RN4 & terrible aiatake. In 1983, an anligdtened Congress dirscted NSF to
reestabliad its science sducation sctivitias and provided funds for that
perpose. The Foundetion dregged its feet both in terss of putting a steff
togethar and unsumfm.mnwaymmmouum
izto lew by the Praaident,

I vas recruited to NSF in the ausser of 1984 and was quickly audbsarged inte
budget and program planning ectivitiss. By that tiss pumarous reports,
ineluding and Bna

the Natiossl Scisnce Board Precolilege Cosminsion Report, Asd &silad on NSF
to gquickly reestsbliah ita wnique role 18 science and aatienatics
aducetion. Tae National Scisnce Board Report celied for sn investaest of
#1753 zillion for precollage programa. Inatssd of beading the clear

el
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divectives of the National Science Nosrd, which ta the Presideatially-
sppointed policy-sstting dody for the Natiomal Scieace Fousdation, the
Adninistration ssked for ¢ daferral of fumds in the smcunt of 631.9
atlliom. weing all sorts of excuses to justify this action. Since 1%43 the
Adainiatretion’s requests for science &ucation funding Reve displeyed a
diszal lech of leadarahip and sn abdicetion of clearly ateted statutery
responsibiiity,

Lat ne explain this point. The NSF Act of 1950 clearly atates. “The

Foundetion ta euthorized eod directed to initiate and suPPOTrt hasic

research sad prograas to stremgtien actiestific ressarch potential and

sciance educetion progress at all levels.” In the post-fSpetaik eva, NSF

1ived up to its statutory swtharity both in reseerch and fn edocation. Ia

:::l““'. tha suppert for ressarch grev while the support for educetion
ined.

In 1968 the Congreas enected & S-yeer suthorization hijl that would deuble
the NSF bdudget and the President signed it into lsw. Tet, the Fiscel Vasr
1990 NSF request for SEE (s only #1590 aillicn -- considersbly below whet
mmm:mmmmmeunusmxu. 1 suat tall yom
that thia irresponsidle budget request ectios of the Adaimistrstion (NS¥Y
and, of course, ONB) will not help this Naticn solve ite prodleas in
science and nsthemstica sducetion or avert further crisea.

T sust hestan to make one point very claer. Ny previcvs resarks ere
directed at the top manegesent of the Foundation aad the policiss which the
Director developa with ONB. I have the highest sdnirstiom for my
oolleagies in the Directorste for Sejence sad Lngineering Edvostion. They
continus to provide excellent sstionsl lasdership despite limited rescurces
snd despite their deavy vork ovarloed. I continue to heer about the large
nushar of hSgh gquality propessls that SEE receives, in both the procollege
and undergraduste sreas, which ceanot be supported deceuse ef imsufficient
funda. And I continue to heer sbout the very sasll SER ataff and sbowt
their valiant efforts to gat the job done. These ware "narsal™ conditions
during the early period of resatablishrent, vhen I ves st the Foundatioa:
xummamunmuaumndtmmsmmuum
tha added fiscal sad prograssatic responatdilitias whlch SEE has deen given
by the Congress. I urge you, Nr. Chairssy, and your colleagues tO exanine
and Tesady this aituation vary quickly.

Nr. Chairsen, § koow that I bave basn invited tadsy to spesk particulerly
about tho NSF-funded precollese tascher snhancesent projects I heve besa
esngeged in and I shail do so, fHovever, the entirs educatiocs astarperisa,
fron the prisery grades through sdvenced graduate stwdy, is intercessected
and focussing attention exclugively on one lavel, or cae group of pecpls
within 1t, neglects thase iaportant conasctions. Ona of ny frustrations in
wvarking in science educstion et NSF & fev ysars 290 was our isadility, due
to lack of funding, to devaleop @ conpredensive set of programa that would
provide an incentive for gll lavals of the educations] systes to help solve
the problens the Nation facws. The grovwth of the sciesce sducetion budget,
for vhich you ahould take great credit, has snebled SIX to beogin developisg
s Broader sat of progreas, NCOSPEAsing all adwcational levels. Yat, o

-2
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grest dedl reasine to be done, especially in the sres of undergraduate
pragrans whare the initiel promiee has been frustreted by NSF senagesent
decieions that I beliave should de ehanged.

NSE_Precollese Teschex Prosrams sad Outcos's
Ihe Contest., T am eure (t ia unnecaasary to rebearse for yem, {n detail,
all of tha diszsl newa we have hoard adout precoliege acience ead
sathenatice educe’ion. TMhere (s & shortage of qualified teechors: aany of
tha tescheras novw in our clessrcoss have bemn inedequetely prepared for
their task. The presant cedre of teschers la fast spproeching retiressnt
aad there ara too fov well-prepared young sen end womsa ~hoosing to teach.
Ga nat{onel sasessrents, atudeate show o Poor gresp of L. .eatific end
sathenstice) coacepts and ressoning skills. Xob aurprisingly, tharefore,
the sdolt populece slso exhibits e degree of acimatific {lliteracy that is
shocking and frightaning for ap advanced technologicel society that seeks
SVER A c0apatitive, such less @ Presainest, position in the soders worid.
dnd, ob WSF-supparted internationsl Cosparisons, we are diagreced to find
that evan cur haat students fell in the lover half vhen cospered to
studenta frea seversl other Western Europesn snd Asiss comtriee,

Has the Netion the will tao do anything sdout this

dissstrous situsticn? What does it aay about our priorities when e
profesaional baseball pleyer is ”tdmzummumum.wo

¢+ 18 paid for e lifetise of service? Vhers is the leadersiip
thet can help turn things arocusd? s acience snd nathesatics aducetiaa,
leadership auat coms from the WNSF. NarF lesderahip was cartetinly envisiosed
in the RSF Act of 1950, cited sbove. NSF lasderatip vas at the heart of
tha NSA Frecollege Commission Report that reccamended, atx 7868 890, an
invastrant of 8173 atllion in precoliege progrems. NSF'a lesderadip role
vas undsrscored once egedn im the Congrasaiocnally-sandated study of SEF
PrOfTeas and managemant cospleted by SRI in $987. Bow can NSF axarcise
this leadership ip the ares of pracollege sclence end asthesstica

mm‘ I an here to exsaine specifically ths eres of
continuing profesaions)l developasnt for teachers. For sbout o dozen years,
{2 the inmedigte post-Sputnik sra, NSF funded a substantiel progras of
Susmer end Acederic Yesr Inatitutas for precollege taachers to up-grede or

Institutes. Improving the Freparation of their teschers playsd o part in
incressing the ausbary of vall-grepared young sen asd wonsn choosing
Serears in science, mathamstics, end anginesring, Jut thers was much nors
to the Inatitotes than these Rusbara convey. It vas & tise of great
farsant, as nev curricule were iatroduced and new taaching asthods tried,
™ agrelq esong teschers ves vary Aigh; thers was & sense tdat "soseons
cared® sdout whet they vers doing and wantsd to help them do it in the deat
potaidle wey, The “soseone™ wes the RF sxerting (ta leadaradip, veluing
taschera, and ancouregisg the systea to do the sane,

-3
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For all of thair excellent qualities, the old Institutes vare cut froa vary
conventicnal ecedesic cloth., They wers davalcped by college and univeraity
feculty and focussed almost exclusivaly on imcressing the teschers’ atore
of coateat kaowledge of science and sstbesstics through apecial course sad
Labaratosry work. Thia acadenic wodel tended to be trenaferred to the
precollege classrooa and laboratory, whare it ia not always appropriate.

It works vell to prepare sbla and cosmitted studenta for technical c.reeras
dut fe counterproductive to producing @ scientifically literste citizeasy,
ar even ons that apprecistes cur asavscus presant-day dependance on
technolagy.

Sipce they ware “add-ons” to other collagiste prograss, when NSF funding
waned and acadentc budgets got tight, the Institutes dissppesred. With ths
autabiishsent of SEE and the crestion of the new Teecher Enhancessst
prograss at the NSF six yesra ago, there caae an opportuaity to recapturs
the vitality so sppesent during the old Imatitata period and a0 aimaing by
1980, Novaver, inforsed by both tha atrengths and vesknssses of the old
Institute prograns, the nev prograss are not aisply & rebashing of the
=good old daya.” The old Jaatitutes were “top down™ operetions. Teucher
Enbsnoasent projects ere, by contrest, pertsersdips anong teaching
collsagues et all levels. Approprista precollege teachers are invelved 18
pisnning the projects. in writing the funding requests, and ag pert of the
instroctionsl and follow-up ectivitiea steff, For example, the Assistant
Director of tha Isatitute for Chemicel Edvcation is 8 high school teacher,

Another coatrast betwean the old end nev models for contisuing profeasicnal
developrsat ctivities is that any orgenizstion er iastitution vith an
sducstiosel mission {a eligible to sesk Teacher Knhancement funda. In
additica to colieges and univeraities, sussuns, profssalosal societies.
school aystesa, youth organizstions, and foundetions, asong athers, sre
carrying out successful projects. Broadaning the aligibiiity for projact
developsant sends a aessage to the aducation comRunity that sclence and
nuthenatica should be sasde accesajble to aad understandadle by all, not
only those headed for techaicsl careers. Fon-traditional seurces and
rescurces for teaschar profesaioss] davaloprent can delp teschers focus on
this wider responsidility snd ways to cope with it.

& further change froa tha past is the ssphssia oa follow-up aotivities for
and by tascher participents in Teachsr Enhencemant projests. The obysctive
ia to foster networking asong the teschers (and staff) in arder to
reinforce vhat has besa done i the sore intassive phsss of the project, to
support introduction of nev conteat sad methods the tsschers have lesraad,
.mummmgm.unmmuqunzmmuum
teschars. This teachers-iseching-taschers sodel is st the center of tha
N3F atrategy for everting lasdership and Sultiplying the effect of its
1inited funds. Such activitiss were unknouwn in the old Iastitute projects.

Qutcongs, Do thase stratagiss wor 7 T attend sany gatherings of science
taschars; alsost slvays, sevaral thea will have beem to workadops or othar
presantetions by teschers who have been participants in ESF-funded Tescher
Enhencesant projects, if they thonselvas have not. Norele is increasiag
and, bassd upon tdeas fros Teechar Enhancement projects they or & sollssgue
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have partieipoted in, teachers are reconsidering end reahaping what fa
taught and how. Since 1584, about 1500 teschers have participeced (n gur
NSF-funded Inetitute for Chesicel Educetion two- end eix-vewk workakops.
Follow-up avaiuationa, by tslephone intarvieva, shou that sstiafaction with
the vorkshopa and their content ANCIaacon after the teachera leava and
atart to use thair new knowledge gnd prasent it to othews, Statistically,
our average particirant cerries out the aqQuivalent of @ full-day warkahop
for 4 to 10 other teschars each yoar. Anscdotally, we know of saveral
participanta who have ast up school -systen-wide continuing workehopa faor
elenentary teschera, asany othara who have sppiied for end receivad funding,
sone from NSF, to do extansive astetevide or regional vorkshops for their
peers, others vho have developed xits of localliy-available saterials for
teachers ta use in thair classrooss, and atill others wha are publ tahing
tha resulle of tesching f{deas developed froa their participatioas. These
reprasant aubstantiel sultipiier esffects.

The Woodrow Wilmon Natlonsd reliousnip roundation nas., since 19582,
SARLNIATAYST 8 20r16s OF TOUr-wadN Juaaer inatitutos for high school
chesiatry, nathenmatics, and physics teachars. These bave boen funded by &
lerge variaty or sources, anCiuding the M. 4 vas tae Acedeaic Director
for the firat two yeera of the Chea1stry program and have rolicwad it avar
aince. To 4ate, ADOUL bdU teaCnars neve particapated. froa the beginaing,
Rodeat funding haa besn availspia O the participents to carry out sucal.
stete. regionai, ans nationas QUITESCH GCEIVITI48. furthar, aiace 1984,
four-aeaber teasa of participants have given a series ot cnu-wenk mianl~
inatituted st sovers: sites eroung The country. TArough lest suamer, 333
of thease aini-institutas had been gaven, wita & tota: enroiiment of slmost
3700 teachars. ror tnis CORing SURRAr, & Of the mimi-inAtitutas will be
offared. One of tha chenistry veschers who inatrucrs in tha ®3na‘s used to
apend hie gunnara &s & nouma PAINTAT o maXe eDough eocney to support his
fanily. Even thcugh he now makes lesa 20Ny, hs says Be will never paint
another housa; the sense of professional prids i{n serving nis collesques
is far too grost ta give up. Another outatand!ng tescher from this progras
80¥8 it Rept hia in tesching when he wes considering bheconing a full-tims
Ganaral Electric repsirsan. He and his high achool etudenta work with the
slesentary teschers and do more than 100 slesentary achool science prograns
8ach yaor {n their achool distract,

Teacher Enhancesent prolects pravida opportunities te kéup up tc dete, to
hast coliesgues, and to creats tha netvorks that ors =0 assantial to
aaintaining the vitelity and vigor of tha profession, et all levals. Thay
are beoriag fruit in the large aemount of tescher intersction that ia going
on, & gvidenced by incressing attendance and participstion in professions!
meetings; of the Nettaral Sgiance Tascherm Association agnual Reating next
ronth, more than thres dozen presuntations snd workshops will be given by
foraer participenta in tha Inatituts for Charical Education snd Waodrow
¥{lson Xaticnal Fellovahip Foundotion projrams., It is toe early to nsgess
the affects of Twacher Enhancesent projects on stydent performance, but 4t
is elear that the sore excited snd active the teschar, the batter the
students raspond. Within the nuxt five yosrs we will begin to sse the
offacts of thiag NSF iesdarship on student perforsance at all levela.

.5.
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u But we are not out of the woodi:s vet, by say seans.
Unt(l soae fundemental change in the Netioa‘s priorities occurs and
sducetion takes its plece with defenme (and bessboll) am ssseatial to the
vell-deing and safety of every citizen, tha NSF leaderadip rcla suet be
ssistained., In 1943, tha NSB Precollege Consission recosmendsd an
expenditura aof 9175 silljon to provide this leadarship. An authorixetion
ard sppropriation of $180 willion for pracollege prograsa for Fincal Yeur
1990 would ba just adequate and just ip the nick of tise. The SEE
Dirsctorats has o well-formulated plan for alloceting thesa funde asong its
precol lege prograsa, including ths Teacher Enhancement progress thet
directiy impect soss end indirsectly many more teachers. Nr. Chairaan and
asphers of the Subcosmittes, I urge you to exasisa the SEE plen cerefully
and continua the courss you have taken in the psst fav yeara toward getting
our priorities in order.

NSE_Undergradustq Science Fducaetion Prograng

Undergredusta science, ma‘ hematics, and engineering oducation hee beun the
lerge'y ovorlocoked 1ir: 1n the educatione} pipeline for the technologicel
workforca L{n the U.5., daspita 'cas ceatral position in the pipeline,
Furtbar, it plays a moat isportant rola in the greparatics of the country’s
future leaders, not anly as scientista, byt s lavyers, buainess pecple,
and, vas, politicisns, The collage yes:a ars for most of us the best and
laat opportunity to apt inta acience cirears, or gain suffic ent
understanding to vota wisely and live productively in our increasingly
technological sociaty.

Thara havs Deen #averal recent nationsl resporta ehout undargreduate
sducetion ea & whole., Thame reports have raiaad s nuaber of concerns
tacluding: the quality of underyredusie education, ovar-ssphasia on
spacialization and profeasionaily-orient~d prograss, and decresasad faculty
sttention %o undergraduste prograas, courses, and studenta. Ssvaral of the
reports eaxprass daeup conrcern shout the dominance of raseerch intarests over
undergradueta intaresta. I hsaten to add that what is nesdad is a Aharply
incrasaad saphasin and support for undergraduats sducation, not & dacresss
in tha lavel of eaphasia and support for reasarch, Tha réports alse affirm
this viev.

Ny interrelated purposas (n tha resainder of this atstement ars twofold:

0 to urge you ta elavsta undergraduste sducation to & coequal level of
concers and isportance with your appropriaste leval for precollegs
sducetion, and

© to urge an appreach. consolidation of NSF undergraduate inatructional
prograns within SEE, thot T believe is ssaential, if the agency fa to
auccead 18 longd tera strengthening of undergradusts education.

why has college level science education tended to ba
overicoked -- {ndeed "neglected” according to several major atudiaes,
inclding the University of Califorpia atudy completad in 19877 The rasson

~& .
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t1e that undergraduats education cumes ih esSand on elmost evaryona’s liast
af caoncerne.

Consider, first, the sciantific commusity. Thair focus is cleerly on
raeseorch and graduate education, the sssance of tha scademic r earch
anterpriss. Wa only need to look at NSF‘e budjet over the years to sse
that the immediata intaresta of the reasearch comsunity sre, undaratandably,
their avn rescarch granta, not the educaticnal syates that at soae tise in

ya futura produces new scientists and enlightened citizens. The Congrenss,
particularly thies Ccmmittan, hes in past ye&ra had the foresight te covater
t{not slvaya Guccesafully) this short-atghted tendency.

Conirider, second, the public (and tharefore the Congress). Aftar the NSF

edication Progrems were abrlished in 1585 -- an /neredible error -- an

snorscua aud sppropriste national concara developad for our alsssntery and

secoudery sducation syatea. Congress had the wiados to order reinststsent

of tha Science and Engineering Rducetica program at WSF, dut there wvas an

ovaraight. NSF graduate sducation activity was not sliminoted in 1981 and

ip rainateting tha SEE program, only precollege activities wvers returasd. -
Under, Jduate activities wera cverlooked, becasuss thara was no great pudlie

outery aa there was st the precollega level. Again, undergraduste

education veas 88co.d on everybody's liat.

The resu.t is that we have a pipeline with s gaping hale in the aiddle.
RSF typifies and axeaplifian this aituation netionally. Gradusta education
contipues to de cerefully and approprietely attended to dy powerful
interests. Now precollege education at NSF end, hopefully in the Nation,
is beginning to turn the corner, thanks in siganificant ssasura to th's
Comnittea, But undergreducte aducation neseda nerioue, long-ters sttentioa
that parsllels the NST leaderehip now in precollags educatiaon. Jt's @
diagrace that our best high achool studants coapare poorly with studente
fros other countries. But, sven aare disturbhing to me, is tha loss of
potential science, nathomatics,; ond engineering students in their freshman
add sophosors yasrs in college. Precious faw American citirzens intend to
B8JOr in acisnce in coliage. wWorse, in thaeir firat two yaere of collage,
ve lose shaout 40% of thst highly sslectad group who left Righ achool
intanding Lo major in mcience.

Twa years 830 tlere vare definits signa thot NSF was going to make & as)or
poaitive aove to recasaert ite leadership and concern for the haalth of
updergreduste aducstion, such as it had in the midale 1960°s. Under the
leadarship of Foamr Nasl, the Nationsl Science Board produced the Beport on
Underorsduate Seience, Engineering, end Nethesaatics Educetion that called
for asjor initietivos at NEF. Last yoa? ve lashed L1tk haps aa tha
Diviston of Undergraduate Education was gatabliashed within SEE, And ve
vere, ot first, encouraged by sll tha rhetoric announcing NSF°s plana for
undergraduate sducation. But closer analyeis haes turred the hope to
disappoiatasnt and finally to dismay.

The Cross-Rirsctorats Strategy. The Nael Report called for s strong,
central msnagament unit within SEE to develop and adeinister s
conprohensive sat of progroma. Initially, we saw guch @& unit sstshlieled,
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the Divisien of Untergraduste Sciance, Fi-.aeering, and dathonatica
Education (USENE), ead @ logical, reascaable begimning set of Rrograns was
promptly and clearly anncuncad. In general, the current prograss in USEKE
sean well run, although thars have besn timas when steff is &pread tao
thin. and thera is the challenga to retaln o tight {(nterd{sciplinary group
as the staff geta bigger snd nors diverse. The Diviasion shoule have a
sajor role iR iaplementing the NSF response to the Wiael repart in the
future. Establishing USENE was conmimteant »ith a baginning NSF response
to tha concerns reised in the Neal Report, end. I baliava, gave asny of ws
hope that NSF wea on track.

But nov scaathing has dona avry. Inexplicably, tha SEE undargraduate
budget is not being significantly increased and the Foundaetion has
snoounced thet tha me)ority of underSraduste atfort vill taks plece {n the
rassarch diractoretas. This no-called “croas-directoreta™ etrategy ta
like.y t3 ba useful fr: aome reseerch support -~ as it was ariginally
intended, However, reapdnaibility for the undargreducte prograss
distributed anong the rusesrch directorites s diffuse snd unaven; dn acvy
cases they seun n.t to ba of high priority. The result for the total
undergraduate aff Tt is a disjoisted array of cleins for activity
throughout the NSF, which is confusing, even systericua, to tha sational
ecedasic cospunity. Not aurprimingly, the sajor thrust in the dietributed
sctivitias ta the support of reassrch, nat the educationsl laprovemant or
inatructional davalopwent celled for by virtually all raports on
undergraduate aducaticn.

al Focvs for Undergraduate Programs. NIF neada a styong,
central unit for undergraduate educatica that is clasrly visibla and that
Aee adequate rescurces for the Job. STE‘a Diviaion of Undergraduate
Sciance, Engineering, and Nathemstica Education ja the odvious candidate
for thia loudarship role. The concept of distributed asnagemant (e &
fatlura. The Tesasrch diractorates’ prissry intérest {a end alwsye will te
t' & support of reseésrch. They are good at thet and ahould contisue to do
it and he Siven incresssd resourcas for that purpose. Thay will not and
ers not giving undergraduate wducation top priority and the stteation it
naede. Their distraction with undergraduats education may aveh be
datrisental to thair rasasrch missicn.

What cnn the aingle Diviston do better?

¢ The eingle Division provides a focuased, reaponsive point of contact {or
tndarsraduste activitiea st the Foundation, Undargraduste activitiea
can ba fo.ussed only 1f they are the first priority for those who do
then. The Division cen be rasponsive only if ras progress snd budget
Quthority to do thirgs. It csn attract grod ateff only g€ they know
thay will have suthority, rssponsibility, and resources to accosplish
sasathing.

© The single ! .vision providas as effactive, unifiad, credibie, and
attantive vaice about undergraduate sctivities to other parts of N3I' end
other Fedaral sgencies, tha atates, and collagea ~nd universities, It
is unifiad bacsusm 2 si1ngie group vhich worka clossly tagether cén sore
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essily devalop unified and consistent policy and practice. VYet, with
aejor disciplines represented in the Divieion, it can also teks into
account deairable disciflinary vur.ations. It is credibla cnd sttentive
becaune undergreduate sctivities are ite f£ir=% priority. It cen jrovide
a datter staff vheo t.-a sore familier with undergraduate ingtitutior: and
vith undergraduats activi*ias in universitics. Research steff are often
woafully ignorant of vhet gowes on at the undargraduate level. The
undargraducte Diviaion will have mere experianced steff Decause they
work on theae acttvitiss full tize.

@ The single Diviafon provides the sbility eassly ta handle brosdly
disciplinary propdssle (a.g.. chemistry at the introductory iavel
apanning physical, argenic. anaiytical, and secrosolecular chemistry}
end irterdisciplinery proposals. Particularly at the intreductory
leval, alnost all vork is broedly disciplinery, and some of the noat
intereasting xen be intaerdisciplinory, sspecislly for students mot
{atending & csraer in the sciencas. These sre areas that prenent greet
daifficulty for tha resesrch divi.ions, vhose focus i appropristely
narsrov. An interdiaciplinary group which varks togathar and knova whow
to talk with in the rasearch divisions. shen nacessary, ia such sore

appropriats.

I have arguaed thst it is uifficult for the NSF remearch directorstes to bde
affective in managing prograna designad to help resolve the problesa aof
undargraduate education in acienca. mathesatica, snd engiseering.
Sinjlerly, it would de & sericus alatake if the NSF afforts to halp resclve
theaae prodlems wers vestad in an organizational unit thet Asd no ongoing
relationahip and input frum the sciantific comaunity with an sctive
interaat in ressarch. KecCruiting «9spars of this CORAUNILY as rotating
ateff in USENE wiil help avoid this exvor. Further, there should be strony
intarsction detwean USENE and the resesrch directorotas, elong thae
following lines!

@ (QOversight for NSF prograss in undergreduste educetion should De the
rasponsibtlity of USENE aend include the cuthority appropriate to asat
these responaibilities. USENE ahould hove responssbility for mansging
undargraduste educetion prograss that do not have a diacipliss-orientad
ressarch tirust. The research directorstes should heve defined
responeibility and authority in the ares of andergraduste educations
sone of this iax dascribed in the pOints that follow.

¢  The rassarch directorates ahould Aave the réaponaibility for progroms
thet ere discipline-oriented research ar ave an integral part of auch
reasdxch prograza. These inciude prograss such as uadergraduate
ressarch (REU), resserch in predominently undasrgraduate inatitutisna
(RUI), and research opportunities for faculty taacking undargraduastes
(ROAY,

8 whars resssrch prograas include a cosponant for undergraduste sducation,
the progras ahould ba managed and funded tArcugh the reasarch
directorste.
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9 The ressarch directorates should provide guidance. advice and evaluation
of the undergraduata sducation affor“s through an advisory cosnities of
NST prograa officera from eppropriate dirsctarstes for each disciplinary
area, participation in the sslection of raviavers for proposala recalived
by NSF for undergraduate sducation. and participation in the raviaw and
evaluation of NSF programe in undurgraduncs sducation.

o USENE steff should poarticipste if tha eveluation of undargraduetc
prograss scnaged by a rencsrch directorate, .9.. the USERE staff
should participete in the avaluastion 2f the undergraduate educaticen
ccaponent of reseArch progreass.

Thesg suggeatians defina for USENE & clear leadership role, the primary
responsibility, and the authority for NSF programa im undergraduate
wducation, with & secondary, but vital, responeibility veated in the
resmarch directorstes. Wharaver USENE manages a progrea, the appropriste
reagarch directorateds) would have an advisory and &valuative role.
Conversaly, wharever & rerearch directorats asnsgés e progras, USENE would
have en edviaory and evaluntive role. I additisn, USENE would hxava the
responaibility for oversight end coordinatian of t.a totel KSF effort in
tha undergradusts educaticn srea.

Undergraduate Froqrass. The Ne1l report carefully considered @ balanced
ast of programs. That aet 312 only pertislily implemented, and, in addition,
the comnitsant to doubla the NSF dudget has chinged conmiderably the
ssausptions of no growth explicit in the Neal report. Thus. conditiona
hova chenged soOmewhat, aa that additional efforts should be posaible.

The aoat iaportant prograsmatic rasponan to the Neal report i to coatinue
and establiah progress which set up & rawvard atructure for faculty who do
the most creativa vork in furtharing undergraduste ectivities in the
aciances. The &im should by te attract good peopla who work (n crestive
and productivg ways, cver the long tara, and in ways which will not aep
their orastivity or their scientaific curruncy.

In looking et the array of sctivitiss considerad aost important in the Naal
report, I am atruck by thes unbslanced response and the holea which still
exist. The ingtrumentstion progras ias funded but should be hrosdenad te
roat & losn limitad set of naeeds, particunlarly st tha intraductary level.
It ahould bm coupled vith an sggressive leborstory davalapsant prograns
which has been neglectsd. Curriculun _devaloppant is now narfowly focuased
in calaulus end angineering: it shoild be broadaned te include ell sepecta
in sll sctences, operatad Ly sn intardiaciplinsary grou, of people with
atraong didciplinery idectificatiaon, and targoted to tha manst prasaing
probless ea tAey arise froe the community. The Program aust be atrurtured
a0 that it invalves prominent scientista without 1mposing an urattrective
sduiniatrative durden on thes. These threw programa are intarrelated, ond
it is here thet the establishment of & reward structurs {s sost likely.

A progrom in {agulty profesajona]l enhonceagnt needs to provide more non-
research cpportunities for faculty. The vaal sajority of science faculty
in tha Uaitad States do nut have reccarch as thair primary function, and
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nost of thes do not do much reseerch. NSF'a response to faculty
anbhsnceaent haa been largely through encoursging raesesarch. Thia e fine
for those for whom St ta eppropriete, but progress auat also serva faculty
who teach esaat of the undargradustas. An sxpension and extanszica of the
current narrowly-focussed and anemicsliy-funded Faculty Enhcncetent progrea
is needad.

REU eite grenta for undergraduste Iysearch are raughly edequate and in the
spirst of the Naal raport. Tha .dentificetion of supplarenta to standerd
raamarch grenta as 8 Reparste sctivity and counted as an undorgraduata
prograr is Queationabla. They ere port of regular resesarch aupport aad
Rava always baen 0. In any case, thay are not port of the Neal report
progran suggastions.

Prograss for pinorttiag are fundad scacvhat ahove the level recossended in
the Naal raport, but it ia clear that thet evean this lavel {a inedequate.
Prograss, and the leval 2f support, need to ba rethought.

There atill needs to bo a conaiatent plen for leng-range {nformetion end
data collacti{on, and someons who will davote & subatantiel amount of tise
to 1ts daaign and cperetion. I know of nothing which Asa been done here
axcept some vagqua discussionas, although the need idantified in tha raport
18 Just aa sevare now as whan the report was written.

NSE Lesdership in Undergraduete Educetion. The praceding paragrapha heve
focused on how tha USENE office and the ressarch-grientad directoretes
should interoct vith ons another on undergredusts educetios prograsa. Of
svan greater importence (e the aanner in vhich tha NSF efforts to improve
undergraduats aducation ere represanted to the universities, collsges,
associations, foundatione and other groups to whom undergraduvate education
in science, snginesring, and sathasstics is e significent concern. The
concarna sbout undargreduate education acroas the nation indicatse clearly
thet. on nany coapusas, the undargraduate anterpriss ngeda such sore
attention and support than it 18 now raceiving.

Some way aust be found to essure that undargraduate prograss -- teaching
and sdvising undergraduste studants, developing and raviaing courses,
lahoretory axperisents, epd curriculs, and presenting the sxcitasent of
leerntng sand diecovery Lo undergraduate students -- recsive bolh time and
attention froa the faculty. Experisnce {ndiceres this «ill not hoppen on
compuaasd with vigoroua progrese of graduate atudy and rescerch unless ths
faculty understond that colissgues as wall ss deportsantsl asd
institutional adriniatrations expect this to ococur, To convey theas
expactetions and to aasurs that the understanding does oot dimiztsh vith
tiss requires that scssone., st ssch of the various levale of
adaiaimtrstion, consider tha undergredusta progrema to be of firat
ixportance.

The aveilebiity of funds to support creative work in undergraduate aclence,
engineering, end nethesstica saducetion {8 @ poverful incentive ta acaderic

adriniatzstors. Tha S5F lecdarehip role ia exerted through the progrems it
develops and the projects supportsd by thea. To nake ita leadarahip
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credible, it L8 cyucial that the unit responaible for undergraducta
aducetion prograss at FSF (USEME) De asean to dave undergraducte aeducation
in science. engf/neering, and satheaetics os its doaiRant responaibdility end
concern. TAhie ia nendad if thoas b tha colleges and universities sra to
undaratand that undergreduate educeticn st KSF hes & priority cosparebls to
that accorded resecarch at ESF. It ia slsa asceasary thet USCNE have the
priscry resp «sidbility for preasntation of the undergraducte sducation
prograns to this community, if a clear signel thet undergraduate educetion
48 japortent to the RTF ia %o ba given.

The depth and longavity of the prcblean experienced by undergraduate
aducation in general asd in the technical disciplines in perticuler argue
atrongly ageinst the viev that one-tise-only efforte are required. Rather,
it is cecessary that changas he aade in thHs way undargraduste education ia
vieued by faculty and their institutions end by thoas cutaide vho provide
the resocurces and effect tha etaotus of undergraduste educstion. Ve wust
recogniZe that nev kinde of long-tera coanitasnts to andarfreduate
sducation sre nueded. Paat actions of thias Subcommittes convince me that
you too recogniza this kind of need and are ¥illing to provide the
raaources Lo agelt it.

Thank you for this opportunity tc bring thase concerne to your atteation.
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Mr. WALGREN. Thank you, Dr. Bell. I appreciate the directness of
that testimony, and it is certainly right on the points that we have
to respond to.

Ms. Fardeen.

STATEMENT OF MARJORIE G. BARDEEN, PROGRAM DIRECTOR,
FRIENDS OF FERMILAR, FERMI NATIONAL ACCELERATOR LAR.
ORATORY, BATAVIA, IL

Ms. BARDEEN. Mr. Chairman, I was asked to come today to share
our experiences at Fermilab with teacher institutes.

Before 1 begin, the teachers that I represent asked that I give
you this so that you can see that we are talking about real people.

Mr. WALGREN. Somebody will bring that up here.

Mrs. SHao. See, I used to be a teacher, too.

Quarks and leptons, the Big Bang, the SSC. These topics are an
exciting frontier in modern science, one that holds the potential of
capturing the interest of young students. Yet few of them have any
exposure to today's science before dropping out of the pipeline.

How can our schools provide an experience of science that, one,
demonstrates the excitement of science; two, broadens and enriches
attitudes; and, three, develops an appreciation for scienve:

Children need to spend less time memorizing seemingly unrelat-
ed facts, formulas, and rules and more time investigating the world
around them. They need teachers who are enthusiastic about and
deeply involved in the teaching they do.

Sustained efforts are required to give teachers both a more solid
background in their subject and better teaching tools.

NSF-sponsored teacher institutes are an essential element of this
effort. They work, and in four minutes I am supposed to tell you
how.

Institutes work at Fermilab because it is not business as usual.
Teachers come to a world class research laboratory for a unique op-
portunity to witness science being conducted at the frontier of
human understanding. Teachers spend four weeks learning with
leading research scientists like Leon Lederman, Fermilab Director
and 1988 Nobel Laureate in Physics. Equally important, teachers
learn how to share this knowledge ith their students.

I would like to share with you one of my favorite quotes from
one of our participants.

“Do you recall the Toyota commercial”’—sorry it is an import
car, but maybe the ad is made in America. [Laughter.]

“Do you recall the Toyota commercial where the people yelled
‘Oh, What a Feeling! * * *, as they Jjumped three feet into the air?
That fairly well describes my feelings about my experience of the
past month at the summer institute for science teachers Fermilab.
I am actually anticipating my return to school this fall where I can
try out some of my newly acquired knowledge on my unsuspecting
students.”

There are some other quotes in the yellow page of my testimony
from other teachers.

I believe the NSF teacher institutes have an impact far beyond
the programs themselves. They are catalysts that leverage local
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effort and support. The multiplier effect is demonstrated by con-
tinuing activities that develop directly from Fermilab institutes.

Our graduates, armed with new teaching strategies and class-
room materials, have organized three local sharing networks for
over 500 teachers, who meet monthly during the school year. Qur
graduates have invigorated professional organizations with new
leadership and with exciting hands-on presentations at local, state,
and national meetings.

They have organized a countywide annual program for junior
high and high school science teachers. They have developed train-
ing programs for their colleagues in the elementary and junior
high school level, ar.d we expect some 5,000 teachers this year will
benefit from these presentations. They are in the process of orga-
nizing a regional training program in physics.

Teacher institutes cannot be conducted without federal support.
Through Friends of Fermilab, a not-for-profit corporation, the pre-
college educations at Fermilab receive funds from private founda-
tions and individuals, and school disuricts do support their partici-
pants. However, it has been our experience that the amount of
money needed for a significant program like a teacher institute
cannot be raised locally on a sustained basis.

All seven institutes at Fermilab were funded in large part by the
Office of Energy Research at the Department of Energy and/or
NSF, and on the blue sheet in my testimony you can see the per-
centage of funds that we have been able to get from private and
federal sources.

Today most of the best precollege science teachers received ad-
vanced training in NSF proje.t science summer courses of the '60s,
but now it is time to train a new generation of teachers.

Congress can help schools by providing programs that cttract
people to teaching and retain them once attracted. Six specific pro-
gram suggestions are included on page 4 and 5 of my written testi-
mony.

In addition to increased support for NSF teacher programs, legis-
latior: could consider increasing funds for precollege science and
math education in federal agencies such as the Department of
Energy funding regional centers to work with school systems at
out-of-school facilities, like national laboratories and museums, and
promoting cooperation between NSF and other federal agencies in-
volved in precollege science and math education.

We cannot expect the schools to raise the science literacy of the
nation all alone. Many outside partners can and must contribute.
We can double and triple our efforts by creating innovative part-
nerships between the education community and national laborato-
ries, museums, and businesses between formal and informal science
programs. With your continued support, schools and teachers can
provide exciting science experience.

I would like to thank you for this opportunity to share our expe-
riences at Fermilab and for your past support, and 1 am happy to
invite you to come to Fermilab so you can see what the excitement
is all about.

[The complete prepared statement of Ms. Bardeen follows:]
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Testimony of Manorie G. Bardeen

Program Direclor, Frands ot Faermilab

Fermi National Accelerator Laboratory

Committee on Science, Space and Techaoiogy
Subcommittea on Science, Research and Technology
9-MAR-89

INTRODUCTION

Quarks, photons, gluons and W's, the Big Bang, the SSC. These high energy
physics topics are an exciting frontier in medam science, onae that holds the potential
of capturing the interast of young students and creating young scientists. Yet, few of
aur students have any exposure to today's science batore they have dropped out of
the pipeline. Can wae prasent exciting science classes that demonstrate sound
scientific process and present cantant in line with current sciantific knowledge?

Teachars who are uncomfortable or unfamiiiar with science teach by the book,
and their studens memorize seemingly unrel